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HE marvelous developments of the present day in the field 
of Civil Engineering, as seen in the extension of railroad 
lines, the improvement of highways and waterways, the 
increasing application of steel and reinforced concrete 
to construction work, the development of water power 
and irrigation projects, etc., have created a distinct necessity 
for an authoritative work of general reference embodying the 
results and methods of the latest engineering achievement. 
The Cyclopedia of Civil Engineering is designed to fill this 
acknowledged need. 

C The aim of the publishers has been to create a work which, 
while adequate to meet all demands of the technically trained 
expert, will appeal equally to the self-taught practical man, 
who, as a result of the unavoidable conditions of his environ- 
ment, may be denied the advantages of training at a resident 
technical school. The Cyclopedia covers not only the funda- 
mentals that underlie all civil engineering, but their application 
to all types of engineering problems; and, by placing the reader 
in direct contact with the experience of teachers fresh from 
practical work, furnishes him that adjustment to advanced 
modem needs and conditions which is a necessity even to the 
technical graduate. 



C. The Cyclopedia of Civil Engineering is a compilation i 
representative Instruction Books of the American School of Cop- " 
respondence, and is based upon the method which this school 
has developed and effectively used for many years in teaching 
the principles and practice of engineering in its different 
branches. The success attained by this institution as a factor 
in the machinery of modern technical education is in itself the 
best possible guarantee for the present work. | 

C Therefore, while these volumes are a marked innovation in 
technical literature — representing, as they do, the best ideas and 
methods of a large number of different authors, each an ac- 
knowledged authority in his work — they are by no means an 
experiment, but are in fact based on what long experience has 
demonstrated to be the best method yet devised for the educa- 
, tion of the busy workingman. They have been prepared only 
after the most careful study of modern needs as developed 
under conditions of actual practice at engineering headquarters 
and in the field. 

C Grateful acknowledgment is due the corps of authors and 
collaborators — engineers of wide practical experience, and 
teachers of well-recognized ability — without whose co-opera- 
tion this work would have been impossible. 
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PART I. 



THE STRUCTURAL ELEMENTS OF A BUILDING. 

From the structural point of view, a building consists of the 
following parts : 

1. The foandations. 

2. The enclosing walls. 

3. The columns and bearing partitions. 

4. The floors. 
6. The roof. 

If the building is very narrow, columns and bearing parti- 
tioDB may not be used, but the other four components are always 
present. Steel enters into the composition of the hist four named 
parts to a greater or less extent in nearly every building, and 
these steel members are collectively called the framework of the 
building. Leaving the discussion of the subject of foundations 
until later, we shall consider briefly the component parts of the 
other divisions that may be said to constitute the elements of a 
building. 

THE ENCLOSING WALLS. 

Exterior walls, in general, are of five kinds: 

1. Masonry walls of brick or stoiu*, siipportiiij; their own weij^ht and 
the adjacent floor and root* loads. 

2. Masonry walls supporting their own weight, but no Uoor or roof 
loads. 

3. Masonry walls not self-8upportin<;. 

4. Walls of iron, copper or other metal. 
6. Walls of concrete. 

Load-bearinc: Walls. Walls of the first class will be readily 
understood as regards tlieir. creneral characteristics, and will be 
treated more in detail under the headini^ **Buil(linir Laws and 
Specifications.'* 
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5elf-5upportiiie Walls. Walls of the second class are gen- 
erally of brick or stone, and have contained in them steel elements 

carrying tlie floor and roof loads. These elements consist of verti- 
cal membera spaced at intervals in the 
wait ar.d called the wall columns, and. 
between them, horizontal members, 
1 generall)' at the lloor levels and also 
( over all openings. These members at 
I the floor levels are called tlie wall 
1 girders; and those over the openings, 
the lintels. The wall girders carry the 
floor and roof loads to the columns, and 
so to the fonndations. The lintels, in 
this class of wall, rest on the masonry 
and sometimes are omitted entirely, 

depending on the necessity of supporting the stone lintels, 

on the impracticaijiHly of turning briik arehes, or on the necea- 

sity of relieving such aielies of 

part of the load. 

Fig. 1 shows a construction 

of this tyjie. The particuhir form 

of section <iE the wall girdciJi and 

of the lintels varies, of course, with 

the conditions ; but the essential 

featuie to be noted is that all loads 

are kept off the walls, except tlte 

weight of the masoiirj itself. 

Curtain Walls. Walls of llie 

third class <litler from the pre- 
ceding in that tliey themselves 

must be suppurled on the nteel 

framework. Tlie walls tliemselves 

may consist of brick, or ..f britk 

with st<meor terra eotta tiinunings 

or faenigs. Tlie steel eU'iiicnts 

are the wall columns and 

girdei-s, as Iw'fore, and the horizontal memlieis over tlie openings. 

These latter, instead of being called lintels, however, are cidled 
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spandrel beams, Bince, instead of simply spanning tbe opening, 
they take all the load of the wall between the wall girders and 
the head of the opening, and curry this load to the columns. 
The wall girders, too, besides the floor load, generally carry the 
load of the wall for the story above. In some cases this wall 
is carried through sevend stories to heavy girders below, but 
such construction is cot common. 

Iq buildings wliei-e tliis clu-ss of wall is used, the framework, 
in addition to carrj'ing the luiids, 
must furnish a portion of the 
lateral stiffness to resist wind 
and other stntins. Tliis feature 
will be more particnlarly dis- 
cussed under "High-Ruildiug 
Construction." 

Figs. 2 and 3 show types of 
construction in this class. 

MeUrWalls. Walls of 
the fourth class are not com- 
monly met with in what is 
leniied fireproof construction, 
hut are more generally used in 
huilduigs having their flooi'sand s' 
roofs framed in whole or in part 
. with wood. When tiiey do 
occur, however, thty come, 
structurally, int<j the previous 
class, aa far as the elements of 
the framework nt'cossary for tiie 
support of the Hoor aiid root 
loads and their own weiglit are 
concerned. 

The chief difftreuce is 
support of the piirliciilar c 
ciinstrui'lioii. As before, (b 
each case with the ciUKUtioii 
mort'. 

In both of the two eLisses just de«;iil)ed (lurlaiii 
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metal walls), no form of construction can be called standard. 
The only principle which the student should observe and follow is 
that the wall girders and spandrel 
beams must be so aii-anged and 
designed as to eaiTy properly all floor 
and roof loads, to support and carry 
properly each part of the wall itself, 

■ and, further, to provide necessary 

■ stiffness to the building. 
Concrete Walls. Walls of tlie 

fiftli class are rarely met with at 
pi^'sent, except in mills or manufac- 
turing plants, and discussion of their 
Fiq4 features is accordingly reserved for 
the discussion on "Mill Buildings." 




INTERIOR COLUMNS AND BEARING PARTITIONS. 

These are classed together because, either jointly or sepa- 
rately, they sen'e to cany to the foundations the portion of the 
loads not carried by the wall ».<ilinniis and exterior walls. When 
a partition takes these loads, it is invariably of brick. When par- 
titions are of other niiiteiiida, they are never designed to carry 
loads, but, on the c<jntraiy, form part of the load earned by the 
floors.* 

The different forms of partitions that are not load-beai'ing 
will be considered under " Fi reproofing." 

Columns are the more eonnnfin, and in general the exclusive, 
cleniwit of the framewoik that carries the loads within the walls 
to the foundations. Then! are two features to he considei-ed in 
connection with tlienii (^1) tlie hiad-bearing or metal sliaft, and 
(2) its covering or cLisinj;. 'J'heie aio a variety of sections of 
columns, some of which are illitstnitcd by Plate I. As in the 
case of foinia of spanchvl beams, no definite rule can be given for 
the use of any particular seclinn to the exclusion of others. These 
wjll be (h'scrilicd in detail nndi-]' the Jicading " Columns." 

* NoTK. — This sl:iti;uii>ut rufem to lLrci)r'jiif bullillii{{B only, and uot to 
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THE FLOORS. 

The elements of the floor are : 

1. The arch, which receives the load directly. 

2. The beams, between which the arch springs. 
8. The girders, carrying the beams. 

4. The ceiling. 

Arches. There are several different kinds of floor arch. In 
general, as to material of construction, they may be said to com- 
prise the following types : brick, corrugated iron, porous terra 
cotta, hard tile, concrete, and concrete steel. 

In office buildings and nearly all structures with a finished 
interior, some f6rm of flat arch is used ahnost exclusively in order 
to avoid tlie necessity of furring down for a flat ceiling. In ware- 
houses, stores, and other buildings carrying heavy loads, seg- 
mental arch construction is more frequent. All segmental arch 
constructions reipiire tie rods passing through the webs of the 
beams at int(Mvals of about five feet, to take the thrust of the 
arches. Tie rods are also required in flat arch construction, 
where the arch is made of separate blocks, but they are not gen- 
erally used for flat arclies of concrete shibs 

Tlie subject of arches will be considered in detail under 
** Fireprooiing." 

Beams and Girders. All of the horizontal members that 
form the framing of the floor coiik* under one or the other of these 
heads. 

A beam carries no other clenicut of the framework, and 
ree(*ives strictly the load of tlu' arch or the partition or other por- 
tion of the structure which it is (h'siuned to carry. 

A frirder carries the end of one or more beams. It may at 
the same time receive direct load from the arch or partitions ; but 
if it carries other elements of the framework it should be referred 
to as a beam. 

Otlier uses of the terms *'beani '' and '^girder" will be con- 
sidered later. 

THE ROOF. 

A roof is essentially the sanies as a floor as regards the ele- 
ments of construction. Its peculiar features are the pitch, open- 
ings for skylights, etc., sui)port of ju'iit houses, of tanks, etc. 
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The pitxjh iu almost every Ciise where a fireproof roof is used 
is very flat, generally a minimum of | inch per foot and varying 
from that according to the requirements of the roof lines in each 
particular case. 

The beams and giixlers usually follow the pitches of the fin- 
ished surface of tlie roof, so that no additional grading on top of 
roof is necessary, except locally in order to form cradles around 
skylights and other obstructions, from the down-spout to the wall 
immediately back of it, and in a few places where the pitch of the 
roof necessarily changes between the bearings of beams. In gen- 
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end, however, the pitch of mof changes only at the ends of beams 
and girders. 

The pitching of l)eams and ti^irdcra makes it necessary to fuiT 
down the ceiling, if this is to be left level, as it generally is. 
This is done by hanging from the beams a ceiling made either of 
tile or plastered wire Lith on snuiil angles or channels. See 
" Fireproofing " for illustrations of this. 

Tanks and pent houses reciuire special framing for their sup- 
port, and all roof houses generally are constructed with a frame 
of light angles and tees. 

USE OF HANDBOOKS ON STEEL. 

The steel used in a buildiniif is in the form of sint^le pieces. 
or combiujitions of C)ne or more j)iec<*s, to which tht* (jfiiieral term 
"shapes" is applied. All shapes are made by rolling out the 
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rectangular liiisms or ingots that come from the blast furnace. 
The following comprise nearly all the shapes rolled: Bars or 

Flats, Rounds, Half Rounds, 
Ovals, Flat Ovals, Plates, 
Angles, Tees, Zees, I Beams, 
Deck Beams, Channels, 
^'9 ^Q Fiq 29 Trough Plates, Corrugated 

Unequal Leg Angle Equal Leg Angle Plates, Buckled Plates. Il- 

lustrations of some of these are given in Figs. 25 to 35. 

riethod of Rolling. The processes of manufacture are pi*ac- 
tically identical in all mills ; and the sizes of the different shapes 
are identical in all mills for nearly all sizes. Certain sizes are 
known as "standard," because they are 
rolled constantly by all mills. Certain 
other sizes not so commonly used are 
known as " special," and vary some- 
what in the different mills. These 
distinctions will be explained in greater 
detail later on. 

The process of rolling an I beam 
is in general as follows: The ino^ots 

are put into what are calle*! *' soaking pits" below ground, 
which are heated by natural gas. When white liofe or at just the 
right temperature, they are taken out and passed several times 
through the lii-st set of shaping rolls. These rolls are at 
fn-st spread nearly the depth of the ingot. They are automati- 
cally lowered, however, as the ingot is i)assed through, and so 
reduce the thickness sufiieiently to enable the i)iece to pass 
2^y."^ . . A through the next set of rolls, which give it the 
f general sha[)e of the letter I, thongh it still 

retains niiieh thickness, ami is only partly f(UMned. 
Afttn* bein«r shaptMl ';ul][icieiitlv bv these rolls, the 
piece is passed to the third or finishing set of rolls, 
where the final sha[)ing takes plac(^ The piece, 
still very hot, is then passed on by movable tables 
to circular saws, wlieie it is cut into certain 
lengths. Each size and weight of beam or other shape re(piires a 
distinct set of rolls in order that the pieces may be given exactly 
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the required thickness and dimensions. Therefore, only one size 
and weight is rolled at a time, and all orders that have accumu- 
lated since the last rolling oF this size are then rolled at once. 



SECnCN OF CORPVGXTED PLATE3 FOR FLOORS. 

The intervals of time that ehpse between rollings of a given 
size vary considerably, being in some cases peihdps six weeks, and 




SECTION or TROUGH PLATES FOR FLOORS 



in other cases several months. Generally the larger sizes i 
rolled at one mill and the smaller sizes at another. 






SECT/ON OF BUCKLED PLATC5 FOR FLOORS 

Characteristics of Shapes. llavin<r seen in general liow 
shapes are formed, the student shoidd now become thoroughly 
familiar with the features of each. Beams and channels consist 
of a thin plate-Uke portion, called tho " web," and, outstanding at 
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each end of the web and at right angles to it, what are called 
** flanges." A beam has the shape of a letter I and is therefore 
called an I beam. A channel is like a letter I with the flanges on 

one side of the web omitted. The connec- 
tion of flange to web is curved, and this 
curve is called the " fillet " ; also, the inner 
side of a flange is beveled, and this bevel 
is in all sizes the same, viz,^ 16| per cent 
with the outer side of the flange. A 
curve of varying radius connects the outer 
edge with the inner side of a flange. The 
distribution of metal in the heavier sections 
of a given shape is shown by the portion 
not cross hatched in Figs. 25 to 29. It will 
be seen therefore that for a given depth, the only difference in the 
different weights is in the thickness of webs and width ol flanges. 




PLAN ANGLE 



The accompanying cuts, Fig. 
36, shows the relations, radii of 
curvature, and other data which 
are standard for all beams. 

c ^ .60 minimum web 

C= minimum web + tV) ^^ch 

8 = thickness of web = t minimum 

Note. This api)lie8for all channels 
and beams except 20-inch I and 24-inch I. 

For 20-inch standard I, S = .56 inch 
For 24-inch I, S = A\0 ** 

For 20-inch special I, .S = .05 ** 



'a c 




'^ 




rig. 36. 



i = .50 inch minimum 
«=.50 *♦ ** 



The slope of flanges for all beams and channels is 2 Inches per foot. 

In tables V and VI, the weiglits printed in heavy type are those 
that are standard. The other weights are rolh'd by spreading the 
rolls of the standard size so as to give tlie required increase, and 
are known as special weights. These are not rolled so regularly, 
and are tlierefore in general more subject to delay in delivery. 

Tlie two parts of an ang:le are called **Ir^^s.*' These are in 
one cla.ss of e(]ual length, and in anollu'r class of uueijual length. 
Notice also the fillet and curve at outer edge. The method of 
incre.ising the weight is shown by the full lines. It will be seen, 
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therefore, that for an angle with certain size of legs the effect of 
increasing weight is to change slightly the length of legs, and to 
increase the thickness. 

In ease of angles, the distinction between ^^ standard" and 
«« special " applies, not to different weights and thicknesses of a 
given size as in the case of beams and channels, but to all weights 
of a given size as a whole, as will be seen from the tables on pages 
36-7. Angles vary in all cases by ^ inch in thickness between 
maximum and minimum thicknesses given in the tables. In the 
addition to the above special sizes of angles, there are certain 
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special shaped angles known as square root angles, cover anglest 
obtuse angleSf and safe angles. These shapes are illustrated in 
Figs. 37, 38 and 39. Their uses, however, are limited to special 
classes of work. 

The square root ^angles are used where it is necessary to 
eliminate the fillet. The cover angles are for use in splicing so 
tluit the covers will fit the fillets of the angles spliced. As the 
demand for such is limited in any particular piece of work, it is 
customary to plane off a regular angle. The other shapes are for 
special uses, as will be readily undei-atood. 

Bent plates are very commonly used in place of obtuse angles. 
None of the above can be obtained easily at the muis, and would 
be used only when it is not possible to adopt the regular shapes. 

With the above explanation the student should be able to 
understand readily the features of the other shapes by carefully 
studying the cuts. 

Plates are of two classes known as "sheared" plates and 
"universal mill" or "edged" plates. Plates up to 48 inches in 
width are in general universal mill plates. This term applies to 
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plates whose edges as well as surfaces are rolled, thus insuring 
uniform width. Plates above 48 inches in width have their edges 
sheared, and are known as sheared plates. 

As already stated, there are various meanings of the terms 
" beam " and " girder," and it is very important to understand fully 
the distinctions. The definitions previously given are applied to 
the manner of loading. 

" Beam" is also the term applied to the shape rolled in the 
form of the letter I, in distinction from the channel, as noted in 
the preceding paragraphs. An I beam may be used in a position 
which, from the definition given, fixes it as a girder in distinction 
from a beam ; and in speaking of such a case, one should say that 
the girder consists of an I beam. In ordering the material, however, 
the shape should be referred to as an I beam and not as an I girder. 

Similarly, a channel may be used in a position which, from 
the definition, would fix it as a beam. In referring to it, one 
should say that the beam consists of a channel; and in ordering 
material, it should be referred to as a channel and not as a beam. 

The beam may in some cases be made of sections riveted 
together, and, in such cases, would be referred to, in ordering, as a 
riveted girder. Frequently, also, two beams bolted together are 
used, and are then called beam girders. It will be seen, therefore, 
that there are two distinct uses of these terms, beams and girders 
— the first depending on the manner of loading, and the second 
on the particular form of section of the member used. These two 
uses should never be confounded, as serious results might follow, 
especially in ordering material. 

Uses of Sections. Each of the rolled sections has certain 
uses to which it is especially adapted, and for which it is most 
generally employed. I beams and channels are used principally 
as beams and girders to carry floors, roofs and walls. I beams are 
used to some extent also as columns, when the loads are relatively 
light. Channels are rarely used singly as columns; but they are 
used quite extensively in pairs latticed, and in combination with 
other shapes, to serve the purposes of columns. (For illustrations 
of such uses see Plate I, Page 7, showing column sections.) 

Channels are also used to some extent in pairs latticed, or 
with plates across flanges, for the chords in trusses. 
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Angles are used most extensively in combination with other 
shapes to form columns, for members in trusses, and for the 
flanges of riveted girders. They are rarely used singly as columns 
except for light loads. As beams they are used only for very 
light loads, such as short lintels, ceilings, and roof purlins, when 
close spacing is necessary. They are used almost exclusively for 
the connections of beams and columns and of other members one 
with another, and for any position requiring a shelf for the sup- 
port of other work. 

The ♦use of the angle is more varied than that of almost all 
other shapes, and it forms an essential part of nearly all riveted 
members. 

Tees are rarely used in the construction of riveted members. 
Their principal uses are as beams of short spans and close spacing, 
where the loads are light and where a flange on each side of the 
center rib is recessary. Such instances occur in short lintels, ceil- 
ings, and certain 3ases (;i roofs, in skylights, pent houses and the 
like. 

Zees are ased extensively in columns, four zees being con- 
nected by a web plate or lattice bars * also to some extent in lin- 
tels and light purlins. They are seldom used except where it is 
desirable to have the flanges arranged in this way, and usually 
angles or tees can be used to equal advantage with less expense. 

Plates are used as connecting members in nearly all riveted 
work, but rarely alone except as bearing surfaces on masonry, and 
in some cases as shelves built in and projecting from masonxy 
walls to receive other members. 

Buckled Plates and Trough Plates are used almost axcluiS 
ively in bridge work for floors. 

Corrugated Iron is used to a considerable extent in the sid- 
ing and roofs of sheds and other buildings of a more or less tem- 
porary nature. Formerly it was used to some extent in fireproof 
floors as illustrated in " Fireproofing." This use, however, has 
almost entirely pjissed away. 

Rods and Bars are used almost exclusively as tension mem- 
bers, for example, in trusses or as hangers. 

Rules for Ordering. Material is never ordered simply from 
a schedule unless it is to be shipped plain, that is, merely cut to 
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length without any shop work upon it. If there is to be any 
working of tlie material other than cutting to length, Buch as 
punching, riveting, or framing, a shop drawing is invariably 
necessary. Descriptions and uses of shop drawings will be given 
later. 

If the material is simply to be cut to length, however, a 
schedule is sufficient; and in such cases the following rules should 
be observed : 

1. Never give both the thickuesB and weight per foot of a piece. 
Beams and channels are invariably ordered by the depth and weight per 
foot, as a 12-luch I beam 31) lbs. i)er foot, or a 10-inch channel 16 lbs. per 
foot. 

Angles are almost invariably ordered by giving the dimensions of legs 
and the thickness, as a 6 in. X in. X J in. angle, or a 3 in. X *2i ^:i. X J in. 
angle. 

Zees are generally ordered by giving dimensions and thickness, as a 3 in. 
X 3 in. X i in. Z, or a 4 in. X -l in. X {'a in. Z. When unequal leg Z's are 
ordered, always give tlange dimensions first. 

In ordering tees, the dimensions and weight per foot are given, because 
the stem of a tee tapers. Tims a 3 in. X 3 in. 6. (Mb. T, or a 3 J in. X 31 in. 
9.2-lb. T. Here, as in the case of a Z, give liange dimensions first. 

Plates are ordered by quoting width and thickness, as a 12 in. X { in. 
plate. Tlie same applies to bars und Hats. 

Sciuare and round rods are ordered by giving dimensions of the cross- 
section, as a J-in. diameter rod, or a 2 in. X - in. rod. 

2. All material, unless otherwise ordered, is subject to a standard 
variation in length of 2 inch. That is, it may be ^ inch over or under the 
specilled length. It exact length is required, tberefore, it is necessary to add 
after the specilied length the word *'exact." 

3. If material is to be painted, the nunil>er of coats and'kind of ])aint 
must be specilied, as '• Paint, one coat graphite." 

4. Full shipping directions must be given, including the name of party 
or parties to whom order is to bo billed, name of consignee, nearest railroad 
station, and route (ner which shipment is to bo made. 

5. Always av«)id using special shapes and weights if tiino of delivery is 
any consideration, even at the expense ol a little extra weight, unless special 
arrangement is made in advance as to tlie delivery which can surely be made. 
It is more important to avoid the delay that wouhl hinder progress in all 
branches of the work on a building throu;4h waiting for a few pieces of steel, 
th«n it is to save a few i)Ounds hy the use of special shapes and weights. 

U5E OF TABLES. 

Since all steel desi^nis are (l(4)en(lent upon tlie ii.se of the fore- 
going sliapes, it will ho seen that, it is necessary to refer constantly 
to tables containing their dimensions and other characteristics called 
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" properties." This term <* properties " covers all the character- 
istics which determine strength, and which are illustrated by the 
tables. 

The different steel companies issue different books, but the 
properties for all standard shapes are practically the same. 

Before proceeding to a discussion of the use of tables, a 
caution should be given for the future guidance of the student. 
There Is always danger in using tables, diagrams, and formulae 
prepared by someone else. The danger is from two sources : (1) 
the information given may not be correct; and (2) the person 
using the data may, through failure to understand fully the basis 
on which they were prepared, use them where they are not applic- 
able. 

As regards the first point, the more authoritative the book in 
which the information is given, the greater is the probability that 
it is correct. Not everything in print, however, is reliable. 

The second point is even more important, because in the case 
of almost every table, diagram, or formula, there are certain limi- 
titions to its use, and certain cases to which, without a full under- 
standing of these limitations, it is liable to be applied incorrectly. 

From the outset the student should form the habit of investi- 
gating the derivation of tables and diagrams and tlie basis of for- 
mulae in order that he may use them intelligently. The basis and 
application of the fundamental formula) can be understood without 
necessarily retracing all the steps in their derivation. There are 
many special formulae given which are simply modifications of the 
fundamental formuhe adapted to special cases, and such formulie 
should never be used without tracing their derivation from the 
fundamental formulae. 

Safe Loads. Table I gives the total loads, uniformly distrib- 
uted, which can be safely carried by the difft»rent sections of 
beams and channels for spans varying by one foot. 

The manner in which the problem of the safv^' load will gener- 
ally come up is : 

Given a certain weight per linear foot of beam, and a certain 
span, to find the required size and weight of beam. In this case 
the total weight is obtained by multiplying the clear span by tlie 
weight per foot and adding the weight of the beam. As it is 
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TABLE 1 — (Concluded.) 


11 


8-C 

iL2S 
Ibt. 

8.61 


1^ 

2 S 

.42 


7-C 


.36 


6'C 

8 
Ibc. 

4.62 


ft 

si 

.31 


5:c 


f! 

Ml 

21 

.26 


4'C 


!! 

2| 
.21 


8'C 
1.16 


f! 


9.75 
Ibi. 


IS 
Ibn. 

3.16 


US 
Ibn. 

2.02 




5 


6.68 


.16 


6 


7.18 


.35 


5.57 


.30 


3.85 


.26 


2.63 


.22 


1.68 


.18 


.97 


.13 


7 


6.15 


.30 


4.77 


.26 


3.30 


.22 


2.26 


.19 


1.44 


.15 


.83 


.11 


8 


5.88 


.26 


4.18 


.23 


2.89 


.19 


1.98 


.16 


1.26 


.13 


.73 


.10 


9 


4.78 


.23 


3.71 


.20 


2.57 


.17 


1.76 


.14 


1.12 


.12 


.64 


.09 


10 


4.31 


.21 


3.34 


.18 


2.31 


.16 


1.58 


.13 


1.01 


.11 


.58 


.08 


11 


3.91 


.19 


3.04 


.16 


2.10 


.14 


1.44 


.12 


.92 


,10 


.53 


.07 


12 


3.59 


.18 


2.78 


.15 


1.93 


.13 


1.32 


.11 


.84 


.09 


.48 


.07 


• 13 


3.3*1 


.16 


2.57 


.14 


1.78 


.12 


1.22 


.10 


.78 


.08 


.45 


.06 


14 


3.08 


.15 


2.39 


.13 


1.65 


.11 


1.13 


.09 


.72 


.08 


.41 


.06 


15 


2.87 


.14 


2.23 




1.54 


.10 


1.05 


.09 


.67 


.07 


.39 


.05 


16 


2.69 


.13 


2.09 


.11 


1.44 


.10 


.99 


.08 


.63 


.07 


.86 


.05 


17 


2.53 


.12 


1.96 


.11 


1.36 


.09 


.93 


.08 


.59 


.06 


.84 


.05 


18 


2.39 


.11 


1.86 


.10 


1.28 


.09 


.88 


.07 


.56 


.06 


.82 


.04 


10 


2.27 


.11 


1.76 


.09 


1.22 


.08 


.83 


.07 


.53 


.06 


.31 


.04 


20 


2.15 


.11 


1.67 


.09 


1.16 


.08 


.79 


.07 


.51 


.05 


.29 


.04 


21 


2.05 


.10 


1.59 


.09 


1.10 


.07 


.75 


.06 


.48 


.06 


.28 


.04 


22 


1.96 


.10 


1.52 


.08 


1.05 


.07 


.72 


.06 


.46 


.05 


.26 


.04 


23 


1.87 


.09 


1.45 


.08 


1.00 


.07 


.69 


.06 


.44 


.05 


.25 


.03 


24 


1.79 


.09 


1.39 


.08 


.96 


.06 


.66 


.05 


.42 


.04 


.24 


.03 


25 


1.72 


.08 


1.84 


.07 


.92 


.06 


.63 


.05 


.40 


.04 


.23 


.03 



Safe loads Riven inclade weight of beam. Maximam fibre stress 16,000 
lbs. per sqaare iucb. 

necessary to know the size of the beiini before its weight can be 
added, this operation must first be neglected, and the size provi- 
sionally determined from the tables showing what sections will 
carry the superimi)osed load. Then add the weight of the selected 
beam, and again n^fer to the table to see if the capacity has been 
exceeded by the addition of the weight of the beam. If it has, a 
different section must be taken. 

It is important to note that there is in general a difference 
l)etween the length of spans used in computing the total load 
carried and that used in tlie tabh^ These tables are compiled 
from results given by the use of the regular beam formula, which 
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has been explained, and in this formula the length of span is 
the length between centers of bearings. It is this length which 
should be used in referring to the tables. 

In some cases there would be practically no difference, as in 
tlie case of abeam framed between two steel girders. If, however, 
the beam were built into brick walls, the span used for computing 
total load would be the length between inside faces of walls, 
whereas the span used in tables would be from center to ceuU^r of 
bearing plates. 

Another point to be noticed in the use of these tables is that 
they are Ixised on the supposition that the beam is supported by 
adjacent construction against lateral deflection. As will be more 
fully noted later on, long members under compression fail by 
deflecting sideways. In order, therefore, to be able to carry'the 
full load indicated in these tables, the top flange of the beam or 
channel must be held against side deflection. This may be accom- 
plished in a variety of ways. If the b(»am is in a floor or roof, the 
fireproof arches and the rods will generally provide the necessary 
support ; or, if it is in a building not fireproof, the wood beams or 
the planking will also accomplish this. If, liowever, the beam was 
used in an unfinished attic, and the ceiling construction was at the 
bottom flange, leaving the rest of the beam exposed, tlie load must 
be reduced as indicated by the auxiliary tiible of pro[)ortionate 
loads. The loiid would also have to be reduced in the case of a 
beam canying a wall with no cross framing at the level of the 
beam. It is, therefore, of the first importance to know exactly 
how the loads are carried by the beam, and in what relations other 
parts of the construction stand to the beam. 

In practice, spans not exceeding twenty times the fliuige width 
are not considered to require side support. 

In some cases there must be made still another modification 
of the loads indicated by these tables, and that is to provide against 
excessive vertical deflection. It is well known that all members 
loaded transversely will bend before they will break. In other 
words, any given load causes a certain amount of deflection. It is 
not practicable, however, to allow tliis deflection to be very great 
in structural members, because of the resulting vibration ami be- 
cause where there are plastered surfaces cracks will occur. It is 
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not sufficient, tlierefore, merely to get a section strong enough to 
cany the given load, it must also be stiff enough not to deflect 
more than a certain proportion of its length under this load. It 
has been determined that a beam can deflect j|^ of its length, or 
^^ of an inch per ioot of length, without causing cracks in a plas- 
tered ceiling ; and it Ls this criterion which is generally followed 
in determining the section rec[uired to meet the condition of safe 
deflection. 

In Table I the loads alx>ve the heavy black line are the safe 
loads which can be carried without exceeding the above deflection. 
A beam may be used on spans longer than those above the black 
line ; but in this ease, in (»rder not to exceed the safe deflection, 
the load indicated l»v the tables opposite this span must be reduced 
by the following rule : 

Rule for Safe Loads above Spans Limited by Deflection. 
Divide the load given opjx)site the span corresponding to the length 
of l»eam by the corresponding span, and multiply by the span given 
just above the black line ; or. 

If S = the given span, 

L = tlie tabular load for this sp;in, 

Sj = the span just alx>ve the heavy black line, 

Lj =1 the required load, 

S.L 
then L, = ^,- • 

In » a.<t'S wIk'Iv the de['th of l^eam is not limited, comparison 
if •litTtni.t dept'.s ^f beams slmuM K- made, and the one selected 
whirh j»r«'Vt-< the m«^<t eO'»iiomii.-al. 

Spacing: of Beams. In many cases where the location of 
C'lumns and sjM'.ir.vr of heaip.*^ are n«'t lix^^-d by certain features 
• 'f d^siirn "r eo:is:; i;et:.»ii, tlie pivi'Ieiti ai:>es in a form for which 
.; Z\W' uiffertnt fr- ni Table I is m-ie useful. For instance, 
if :he : r-bio:u is :•' ^:/u't' the o«»1u!l:.s and K-ams to jjive the most 
e-nnomioal sections t«« carrv tl.o \:\\iX\ iMds, Table II will be use- 
:{\]. T\:\< ^:\\'S the -j^aciui:: of brains f»»r different spans to carrv 
s.tft^ly a had r-f li»<> lbs. and 1 ^'> H>s. per square foot. By com- 
jMri-'^Tis. theret^ri, of the .litToiiM-.t st^'ioiis, spans, and spacing that 
n;\v l-? ^>t-'h t!.e m«'St w^in'mivMl section can 1h^ selected. 

The i'.l-ve tah.e is useful also wl.i-n it is desired to know the 
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loading that a certain floor was designed to cairy and when only 
the framing plan is at hand. 

If other loads per square foot are used, the table can be modi- 
fied by dividing the spacings given by the ratio of the required 
load to the indicated load of the table. The same modifications for 
lateral and vertical deflection must be made as in the preceding table. 

In all cases where there is a choice between beams of different 
depths, it should be borne in mind that beams of greater depth 
than 15 inches cost an extra one-tenth of a cent per pound; this, 
therefore, affects their relative economy. 

Deflection. As noted in preceding paragraphs, it is impor- 
tant to know what the vertical deflection of a shape will be under 
the loads and for the spans specified, as in the majority of cases 
the section cannot be selected from the tables of safe loads because 
of unequal loading or because some other shape is used. It is 
therefore necessary to be able to calculate from additional tables 
what the deflection will be. 

The following formula can be readily used for this purpose. 
We shall first explain its derivation. 

The general formula for the deflection of any shape supported 

at the ends and loaded uniformly is : 

,^ 5 WZ8 

384 EI' 
Where W is the total load, E the modulus of elasticity, and 

I the moment of i nerti a. 

5 

__ is a constant since E zzz 29,000,000 

384 E 
W = pi, and M = 1 ;>ia ^ J WZ 

and M = I = W^ ; therefore W/ =. ^_><iMOO_x I^ 

/ y 8 X 16,000 ' y 

if the beam is loaded up to its full capacity, and the fibre stress is 

taken at 16,000. 

Therefore d = ^IL2Ll^ Jl6,0002^ 

384 E 1 y 

.0000575/2 • 7 1 x. ri o 

=: _.. y\), or, since li = depth ol beam = 2y, 

_ .OOOllS/i" .„- 

h ^^^- 

In this formula I must be taken in inches. 
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From this general formula (1) a table in a namber of differ- 
ent forms can be made. In Table III different values of I are 
substituted, so that the deflection in inches is obtained by taking 
the constant in the table corresponding to the given span, and 
dividing by the deptli of the beam. 

Another table could be made by substituting different values 
of /i corresponding to diffei-ent beams, and this would readily give 
for each beam the deflection by multiplying by the square of the 
span in inches. 

If the fibre stress in the beam due to the loading was less than 
16,000, the deflection would be obtained by multiplying the result 
given in the table bv the ratio of given fibre stress to 16,000. 

The formula (2) ai>plies directly to beams and channels only. 
If, therefore, a table based on this formula is made, and it is desired 
to use it for determining the deflection of unsymmetrical shapes 
such as angles, tees, etc., the coefficients given must be divided by 
twice the distance of the neutral axis from extreme fibre, since 
both nuniei*ator and denominator of (1) has been multiplied by 2. 

If a beam had a center load, its deflection could be obtained 
from this table by multiplying by |, this being the ratio of the 
deflection of a beam supporteil at the ends and loaded with a center 
load, to that of a similar beam with the same total load uniformly 
distributed. 

In the table of safe loads it will l)o noted that a heavy black 
line divides the oap;ui<ies 8i)ecitied. This is to denote the limit 
uf span lu'vond wliirh the delleotiou of the Wani, if loaded to its 
full capacity, woiihl l>t» likely to cause the ceiling to crack. This 
limit of span can Ik* determined from the fornuilu) given above, as 
follows : 

A detleetion of .^J^^ of the span ea: 1m* safely allowe<l without 
causing cracks. Siibslituling ^^,, for */, therefore, we have 

I __ 5/-i X S X M,0<)0 

and / = 4S.:^> y 
Making the substitutions of the value of ;/ for different sized 
Ix^ams, gives limits a^nvcinnr with those in the Cambria Hand Book. 
The limits given in the Carm'^ie liook are iixed arbitrarily at 20 
times the depth of beam and some less than these. 
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Expressing the above formula in a dififerent form, we have 




.J _ 384 E y 








360 X 6 X 8 




an< 


1/-' = . 

y ' 


384 E 


.. . ^: C r* onTll>^■!^n♦•.^- 




J«0 X 6 X 


8 ^ 


." y- 




/ ^ - 773,333. 

y 








TABLE III. 




Coeffidsnts for Deflection in Inciies for Cambria Shapes Used as Beams Subjected 




to Sale Loads Uniformly Distributed. 


Bistanes 


Cotffieuitfar 


Cotffieuntfgr 


SistuM 


Coaffidsnt (or 


CoeSosntfor 


bstwesn 


nbnStrw of 


Kbrt Strasi of 


bttweta 


Fibrs Stress of 


KbrsStreM of 


"ffS? 


16000 Ibt. Kr 
Sturt IneL 


12500 lbs. Mr 
Sqiuralndi. 


Sniports 


16000 Ibi. nr 
S^aarelneL 


12500 lbs. per 
Stairs lues. 


!• 


H 


H' 


li 


H 


H' 


4 


.265 


.207 


23 


a756 


6.841 


5 


.414 


.823 


24 


9.534 


7.448 


6 


.596 


.466 


25 


10.345 


8.082 


7 


.811 


.634 


26 


11.189 


a741 


8 


1.059 


.828 


27 


12.066 


9.427 


9 


1.841 


1.047 


28 


12.977 


10.188 


10 


1.655 < 


1.298 


29 


13.920 


10.875 


11 


2.003 


1.565 


80 


14.897 


11.688 


12 


2.883 


1.862 


81 


15.906 


12.427 


13 


2.797 


2.185 


82 


16.949 


18.241 


14 


8J244 


2.534 


88 


18.025 


14.082 


15 


8.724 


2.909 


84 


19.134 
20.276 


14.948 


16 


4.237 


3.810 


85 


15.811 


17 


4.783 


8.787 


36 


21.451 


16.759 


18 


5.363 


4.190 


87 


22.659 


17.703 


19 


6.975 


4.668 


88 


23.901 


18.672 


20 


6.621 


5.172 


39 


25.175 


19.668 


21 


7.299 


6.703 


40 


26.483 


20.690 


22 


aoii 


6.259 









This equation shows tliat if thcj table of properties is used to 
determine the capacity of a beam for a certiiin span which will be 
within tlie plaster limits of deflection, the product of the fibre 
strain and the span must be kept consUint for a given depth 
of beam. 

For example, if it is desired to know the fibre sti-ain allowable 
for a 12-inch beam on an effective span of 30'-0" (30 feet inches) 
such that the plaster deflection will not be exceeded, we have 

773,338 X 6 



/ = 



30 X 12 



= 12,888. 
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The formula can be more quickly used by comparison with 
the limiting span given by the table of safe loads. In the above 
case the limit of span for a 12-inch beam and a fibre strain of 
16,000 lbs. is 24 feet; therefore the required 

/ = 1^ X 16,000 

= 12,800 
Lateral Deflection of Beams. When beams are used for long 
spans, and the construction is such that no support against side 
deflection is given, the beam will not safely carry the full load 

TABLE iV. 
Redaction in Values of 'Allowable Fibre 5treM and Safe Loads for Shapas Usad as 

Beams Due to Lateral Flexure. 



Ratio of Span 
or Dist&nco 


illowtblo Uait 


Proportion of 


Ratio of Span 
or Distance 


iUowable Unit 


Proportion of 


between 


Stress for Direct 




between 


Stress for Direct- 




Utar&l 


Flexure in 


Tabnbr Safe 


Lateral 


Flexure in 


Tabular Safe 


Sujyportsto 


Iztreme Fibre. 




Supports to 


Extreme Fibre. 




rUnse Width. 






Flange Width. 










Load to be 
Used. 






load to ba 


1 


p 


1 


p 


Used 


b 






b 






19.37 


16000 


1.0 


65 


7474 


.47 


20 


15882 


.97 


70 


6835 


.43 


25 


14897 


.93 


75 


6261 


.39 


30 


13846 


.87 


80 


5745 


.36 


35 


12781 


.80 


85 


5281 


.33 


40 


11739 


.73 


90 


4865 


.30 


45 


10746 


.67 


95 


4595 


.29 


50 


9818 


.61 


100 


4154 


.26 


55 


8963 


.56 


105 


3850 


.24 


60 


8182 


.51 


110 


3576 


.22 



indicated by tlie tal)le, aiul the allowable fibre stress in top flange 
must be reduced. If such ii b(\ain were to carry a load givmg 
a fibre stress of 16,000 lbs. per scpiare ineb, tlie actual fibre stress 
in top flange would be greater than this, as the deflection sideways 
would tend to distort the top flange and thus cause the additional 
stresses. 

The length of l)eain which it is customary to consider capable 
of safely carrying the full ealeulatrd load without support agJiinst 
lateral deflection, is twenty tinu'S the flange width. Tiie reason 
for thus fixing upon twenty times the flange width may be seen 
from the following : 
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In any consideration of a reduction of stress in a compression 
member due to bending caused by its unsupported length, it is 
customary to use Gordon's formula for the safe stress in columns. 
This formula is : 

f L^ 

For columns with fixed ends, a = 36,000. Now if we consider a 
o-inch 9.75-lb. I, the moment of inertia about the neutral axis 
coincident with center line of web is I' = 1.28. 

Since the moment of inertia of the web alone about tliis* axis 
is inappreciable, the moment of inertia of each flange about this 
axis is V f = .62. 

The area of the whole section = 2.87 sq. in. 

Web= .86 
Area of flanges = 2.01 sq. in. 
Area of one flange = 1.00 " 
Therefore r^f^=> .62 
/, = .79 
The width of flange for 6-in. beam = J = 8.00 in. 

Therefore r', =g— • 

Tests on full-sized columns show that columns of length less 

than ninety times the radius of gyration bend little if any under 

their load. It is, therefore, generally customaiy to disregard the 

effect of bending for lengths less than 90 radii. If in the above 

we multiply, we have : 

90 r\ = 23.7 h 

The assumption that with full fibre stress of 16,000 lbs. 
l)eams should be supported at (distances not gi-eater than twenty 
times the flange width, brings the limit under that of 90 radii. 

Approximately the same result will be obtained if we assume 
the flange a rectangle and substitute 18,000 for / in Gordan s 
formula. ^hen r» = ''' 



and/„ = 



12 

18,000 

Z7^ 



3,000 6* 
and for Z = 20 J 

f, = 15,900. 
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TABLE V. 




• 








Properties of l-Beami. 




1 


2 

f 


3 


4 


6 


6 


7 


8 


9 


1 

a 


Waieht par Foot 
Pounds 


Area of Section 
Square laches 


Thickness of Web 
1 leches 




Mom. of Inertia 

Neutral Axis 

1-4 Perpendicular 

to Web at 

Center 


5.- .a. 

a a ^ a c 
S «> S3 a* 

- f 


- O M w -2 

r 




100.00 


29.41 


0.754 


7.2,54 


23S0.3 


48.56 


9.00 


W^ % 


24 


05.00 


27.94 


0.692 


7.192 


2:«»9.6 


47.10 


0.09 


B 1 


90.00 


26.47 


0.631 


7.131 


2239.1 


45.70 


9.20 






85.00 


25.00 


0.570 


7.070 


2HW.6 


44.. ^5 


9. 31 






80.00 


23.32 


0.600 


7.000 


2087.9 


42.86 


9.46 


• 




100.00 


29.11 


0.884 


7.2W 


1655.8 


52.65 


7.50 


B 2 


20 


95.00 


27.94 


0.810 


7.210 


1606.8 


60.78 


7.5S 


90.00 


2«J.47 


0.r37 


7.137 


1557.8 


48.98 


7.67 






K5.00 


25.00 


0.fk.:j 


7 <H« 


15118.7 


47.25 


7.77 






80.00 


23.73 


0.600 


7.000 


1466.6 


46.81 


7.86 


B 3 


20 


75.00 


22.06 


0.019 


6.3W 


1268.9 


80.23 


7.58 


70.00 


20.59 


0.575 


6.325 


1219.9 


29. M 


7.70 






65.00 


19.08 


0.600 


6.250 


1 169.6 


27.86 


7.83 






70. Oi) 


2r)..*)9 


0.719 


0.2.59 


W1.3 


%\A& 


C.69 


B80 


18 


G").Oi» 


19.12 


0.(W7 


<;.i;7 


881.5 


23.47 


6.79 






!>).«10 


17.«i5i (».rK)5 


O.OiC) 


811.8 


22.38 


6.01 






55.00 


16.93 0.460 


6.000 


795.6 


21.19 


7.07 






lfK).00 


29. n 


1.1»4 


6.774 


90<").5 


50. ^W 


5.53 


B 4 


16 


a'). 00 


27.91 


LOW 


6.075 


872.9 


48.37 


5.59 


w.m» 


2«;.4ri o.*w7 


6.577 


W5.4 


45.91 


5.65 






K").n<» 


25 00, o.Hsu 


6.179 


817 8 


43, 57 


5.72 






80.00 


23.81 0.810 


6.400 


795.6 41.76 


5.78 






75.00 


22. rr, O.P<«-J 


6.2<^2 


691 .2 


80.68 


5.60 


B 6 


16 


7().(J() 


20.5'.» 0.7)Sl 


6.191 


WvJ.Ci 


29.00 


5.68 






Cm. 00 


19.12,' 0.r,N5 


O.O-.VJ 


6;i6.0 


27.42 


5 77 






60.00 


17.67,0.690 6.000 


609.0 


26.96 


5.87 






55.00 


10. 1^ 


o.av. 


5 710 


611 


17.06 


5.62 


B 7 


16 


.V».f)i) 


n.71 


o.5:.s 


5.»i|»» 


\<^.\ 


16.0^4 


5.73 






45. 0.1 


i:!.-*l ir.li 


5.;V)<) 


4iV).S 


15 0<) 


5.87 






42.00 


12.48 0.410 

1 


5.500 


441.7 14.62 


6.95 




1 


55.(.) 


. l<;.m 0.^22 


5. 01 2 


321.0 


17.40 


4.45 


B 8 


12 


r»o.(H» 


ii.7ii {\ym 


n.is'.i 


,".03.3 


10.12 


4 54 






l5.fio 


\\\ 2i; o.r.rr, 


5.:w. 


2sr..7 


11 89 


4.65 






40.00 


11.84 0.460 


5.260 


268.9 


13.81 


4.77 


B 


12 


:i5.o«'i 


10.29! i.r. 


5.f^^, 


22S 3 


10.07 


4.71 






31.60 


9.26 0.350 


6.000 


216.8 


9.60 


4.83 






40. Of) 


11. 7R 0.719 


5. ant 


158.7 


9.:^) 


3.67 


Bll 


10 


35.00 


10.2«) 0.0(rj 


4.952 


14G.4 


8.52 


3.77 






80.00 


H.S-2 0.455 


4 f-or, 


131.2 




3 90 






25.00 


7.37,0.310 


4.660 


122.1 


6.89 


4.07 






85.00 


10.29 


o.7:« 


4 772 


]11.« 


7.. 31 


3.29 


B13 


9 


80.0U 


H.K2 


o.r)<-.9 


4.C09 


101.9 


6.12 


3.40 






25.01) 


7.:r> 


0.11 Hi 


4.440 


91.9 1 5 r,5 


3.54 






21.00 


6.31 


0.290 


4.330 


84.9 1 6.16 


3.67 






e.')..^) 


7.5-) 


o.r.n 


4.271 


KAA 


4.75 


3.03 


B15 


8 


Z\M) 


<; 7r. 


O.ll'.* 4.17*» 


61.5 


4.:w 


3.09 


\t^ 


•jo.ryj 


c.o-'i ; {^:xu\ 4.l)^7 


(V».r, 


4.07 


3.17 






18.00 


6.33 , 0.270 4.000 


66.9 


3.78 


3.27 






20.0<.> 


n.ss 


0..1.\M| .'{.8<-.s 


42.2 


3.21 


2.(;8 


B17 


7 


17.50 


r».j5 


(I VZC\ W.liW, 


39.2 


2.91 


2.76 






15.00 


4.42 1 0.250' 3.660 


36.2 


2.67 


2.86 






17 r. 


5.1 '7 ! j::. ;;.r,75 


o,«, •■» 


2 3 ; 


2.27 


BIO 





11.::. 


\ -w o.:{.vj WAW: 


•.M.o 


2 'r.j 


2.35 






12.26 


3.01 , 0.230 3.330 


21.8 


1.86 


2.46 






11.75 


4.. 'II 1 -(i.niVj 3.291 


15.2 


1.70 


1.87 


B21 


6 


le.'i", 


.'{ •'.o ! n.:i.57 :{.it7 


13 •; 


1.45 


1.94 






9.75 


2.87 ; 0.210 3.000 

1 


12.1 


1.23 


2.05 






10.. y. 


.•i.(V» ; o..iim! 2. wo 


7.1 


1.01 


1.62 


B23 


4 


9.r/) 




(».;i:{7, 2.807 


6.7 


0.9 j 


1.55 


8.50 


2.5!) 


().2i".:{ 


2.7:i.'i 


6.4 


O.s.-, 


1 ..50 






7.50 


2.21 


0.190 


2.660 


6.0 


0.77 


1.64 






7.r/> 


2.21 


0.361 


2.521 


2.9 


0.<V) 


1.16 


B77 


3 


6.50 


1.91 


0.2»W 


2.423 


2.7 


0..W 


1.10 






6.60 


1.63 


0.170 


2.330 


2.6 


0.46 


1^3 



3» 



'"»• ^L 



A* 



•V :^ 
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TABLE V — (Continued.) 
Properties of l-Beame. 



lO 


11 


12 


13 


14 


16 


2?M>a 


s 


c 




IH 


1 


1.28 
1.30 
1.31 
1.83 
1.36 


10R.4 

iie.5 

IW.O 

1N).7 

174.0 


2n.v<o«) 

2UWX0 
iVMKiOO 

iwrcoo 

1866900 


1G530(X) 
1603900 
1554900 
15(»900 
1449900 


17.82 
17.99 
18.21 
18.43 
18.72 


B 1 


1.34 
1.85 
1.30 
1.37 
1.39 


irio.7 

lh5.8 

150.0 

146.7 


1706100 
1713^)0 
IWIGOO 

1664300 


1.379800 
18390U0 
1296100 
12>7200 
1222100 


14.76 
14.02 
15.10 
15.80 

16:47 


B 2 


1.17 

1.19 

1.21 


126. 

123.0 

117.0 


l.^'•AVM» 

l.S-.)12UiJ 
1247600 


1057400 

lOlfWOi) 

974700 


14.96 

15.21 

16.47 


B 3 


1.00 

1.11 

1.18 

1.16 


102.4 
97.9 
98.5 

88.4 


1091900 

]011l40() 

W»77««) 
943000 


RVJOOO 
81621 K) 

736700 


13.20 

13.40 

13. (^ 

13.96 


B80 


1.31 
1.82 
1.82 
1.88 
1.32 


120.1 
116.4 
112.7 
109.0 
106.1 


1280700 
1241500 

ivjiivaoo 

11C3000 
1131300 


1000600 

96'.KJ00 

9:W000 

9cN>00 

883900 


10.75 
lO.Wi 
10.99 
11.13 
11.26 


B 4 


1.18 

1.19 

1.90 

1.21 


92.8 

88.5 

84.8 

81.2 


983000 

9i:)80i) 

901600 

866100 


7C8000 

737400 

700700 

676600 


lo.a-, 

11.11 

11.29 

11.49 


B 6 


1.08 

1.04 

1.07 

1.06 


66.1 

64.5 

60.8 

68.9 


6M751MJ 

61H3(H) 

628300 


567800 

537100 

.VIG400 

490800 


ii.a*> 

11.27 

IL.M 

11.70 


B 7 


1.04 

1.05 

1.06 

1.06 


63.5 

60.0 

47.6 

44.8 


STOW to 

&07VHW 
478100 


445900 

4'J1300 

bVttJHOO 

373600 


8.05 

8.83 

9.(iri 

9.29 


B 8 


0.99 
1.01 


88.0 
36.0 


405800 
383700 


317000 
299700 


9.21 
9.46 


B 9 


0.90 

0.91 

0.96 

0.97 


81.7 

20.3 

26.8 

24.4 


388.'jn0 

S12>ni) 

28<»W 

260600 


204o0fi 
244HXI 
2l«fi0i) 

203600 


7.12 

7.:w 

7.57 
7.91 


Bll 


0.8t 
0.85 
0.88 
0.90 
0.80 
0.81 
0.82 
0.84 


84.8 
22.6 
20.4 
18.9 
17.1 

in.i 

i.'i.i 

14.2 


eosnoo 

2ll5<iO 

217WM) 

201300 

i«»r.fto 

1730<M 
161700 : 


207ono 

IKKTW) 

i7fo<:w) 

157300 

142000 

131100 

l:.V.J(.M) 

118600 : 


6..r. 
7.r»s 

C.hO 

7.1« 
5.83 
5.96 
0.12 

6.32 


B13 
B 15 


0.74 

0.7C 

0.78 


11.2 1 
10.4 


T>H6no [ 

1191011 ! 

110400 ! 


lOOHV) 1 
86300 


5.15 ' 
5.50 


B 17 


0.68 

0.69 

0.72 


8.7 
8.0 
7.3 1 


9aio(» 

77600 


60600 


4.. 13 

4.49 

4.70 


B 19 


0.63 
0.63 

ae6 


6.1 • ; 

5.4 
4.8 


Miiifi 
51600 


40300 ' 


'.'".'. i 


B 21 


0.57 

0.58 

0.58 

0.69 


3.0 

3.4 

3.2 

3.0 


8S10i» : 

33900 
31800 


•JSICH) 

2Co«» 

24900 




B 23 


0.59 > 
0..^2 
0.63 


1.9 

1.8 

. 1.7 


20700 

19100 

17600 


1020 
15000 
13800 


■ . ■ . ■ 
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TABLB V — (Continued.) 

Propertiefl of Cmmtglt Troaffh Plates. 



s 



u 

M 

M 
M 
M 



10 
11 
12 
13 
14 







sJ 




isa 


1- 


0liJi3?; 


M 


U«<x3K 


1-« 


9J^*3K 


?S 


9j<x83^ 


ii 


0}ix3Ai 


^ 



.8 






51- 



10.3 


4.8 


1«.0 


5.3 


19.7 


5.8 


21.4 


C 3 


232 


C.8 






8.08 
4.18 
4.57 
6.03 
5.46 



Is 

s 



II 

9 9 



1.88 
1.57 
1.77 
1 96 
2.15 



0.01 
0.91 
0.90 
0.90 
0.90 



TABLE V — (Concluded.) 

Properties of Carnegie Corrugated Plates. 



M 




t 




•« 




S 




-a 


1-4 


ai 




M 30 


S'ixV/, 


M 31 


8^x1 t-fl 


M 33 


8'*xl^^ 






M 33 j I2iV-*4 
M 84 12tVx2i5 
M 35 12iWJ» 





.§- 


to* 


,ji^ 


^3 


•m c 




o a 



i 

it 



8.1 
10.1 
12.0 

I < . !•> 

2».71 
2;j.G7 



2.4 

3.0 
3..-) 

r>.2 
«;.i 

7.0 






0.04 
0.05 
1.23 
4.79 
5.81 
0.82 



S 



Oil 

•sa 

|3 



0.80 

i.ra 

1.42 
8.38 
8.90 
4.40 



0.68 
0.57 

o.es 

0.96 
0.98 
0.99 



Table IV gives v 




allies to use for fibre stress, and proportions 
of full tabular load to use for diflfurent 
ratios of length and width of flange. 

Tables V, Vr, VII, and VIII give 
the properties of the minimum and 
maximum sizes of the different shapes. 
These tiibles are for use in choosing 
sections to meet .the requirements of 
design, and will be explained in detail 
in the padres that treat of design of 
, members in which these shapes are used. 

These different functions can all be 
calculated quite readily, and it is impor- 
tant that the student should understand 
how these are obtained. For this pur- 
pose the fuiietions of a 24-inch 80-lb. 
beam will be worked out. The sec- 
tion of the beam is here shown. 
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Area. 
Web = (24 — 2.284) X .50 = 10.858 

Flanges = ^'^f '^ '^^ X 3.26 X 4 = 11,323 

1.142 X .50 X 2 = 1.142 12.465 

23.323 

It will be noticed that the areas of fillets aod the roundlDga of outer 
edges are disregarded These closely offset each other. 

Weight per Foot. 

Since a cubic foot of steel weighs 490 lbs., the weight per 
foot of a 24-incb beam should be : 

23.323 X 12 ^gQ ^ ^5 33^ j^^ 
1,728 

Moment of Inertia About Axis 1 — 1. 

I of web (taken to outside of flanges) = ^^ x I ^ 24' = 576. 
I' of flange about an axis through center of gnivity of each 
component element. 

Axis A A = j2 X 3.25 X .60' X 4 =- .234 

Axis B B = ^ X 3.25 (1.142 — My = '^ 

I of flanges about axis 1 — 1 =iV -\- A X 4(F. 

Where A = area of flanges, and d = distance from center of 
gravity of flange to axis 1 — 1, as in the above, the flanges being 
divided into two figures, the c? in each case will be the distance 
from 1 — 1 to the center of gravity of that figure. 

I = 3.25 X .60 X 11.702 x 4 r= 1,007.752 

3.25 X .271 X 11.222 x 4 = 443.505 1,511.548 

576. 
2,087.548 
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Moment ov Inektia about Axis 2 — 2. 

Web — i X 24 X .50» = .250 

12 

Flanges axis A' A' = 1 X .60 X 3.25« X 4 = 6.866 

^ 12 

For axis2-2 = + 3.26 X .60 X (1.623 -f .25 )« X 4 = 27.362 

Flange axis B' IV = 1 X .542 X 3.258 x 4 = 2.060 

^ 36 

For axis 2-2 = + .542 X 1.63!X (1.08 + .25)2 X 4 = ^-^^O 42.538 

' 42.788 

Other methods of computing the moments of inertia would 
perhaps bring a result even closer to the values given in the tables, 
which aie taken from the Carnegie Handbook, although the values 
vary a little in the different books for identical sections. 

Radius of Gyration. By definition, the radius of gyra- 
tion is equal to the square root of the quotient of the moment 
of inertia divided by the area of the section; therefore, if ri.i and 
r2.2 correspond to radii of gyration about the axes 1-1 and 2-2 
respectively, 

^ 72,087:548 ^ . . 

^ ^ V 23.323 

Section Modulus. In the calculation of stresses in beams, 
the formula used is : 

y 

M I 
or, -r = -. 

/ y 

The proper section of beam could be determined by this 
formula, using the moment of inertia, the distance from the 
neutral axis to the extreme fibre, and the allowable fibre stress. It 

is more convenient, however, to liave the constant -^ expressed in 

y 

the tables, and this constant is called the " Section Modulus." 
In the above case, therefore, 

S I ^ 2,087 548 ^ ^^3 gg 

y 12 
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TABLE VII- (Concluded.) 

Propcrllci of Standard and Special Angla*. 

Angles with Equal Leg*. 



'III 






AnglM marked ■ ai'e tpftcifti. 
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The section modulus about the axis 2-2 is not given in the 
tables, because the beam is rarely used in this position. It can, 
however, be readily obtained : 



42^8 
12 



2 2 """" — ^*~^ — ~~" *'»*^*^ 



Coefficient of Strength. This also is a constant 

employed to express the relations of certain values used in the 

/I 

calculation of stresses in beams. As stated before, M = — . 

y 

Also M = I pl^ for a load uniformly distributed, where p = 
the load per linear foot, and I = the length of span in feet. As 
the value of M in the first equation is in inch-pounds, in the second 
also it must be in inch-pounds in order to equate them. 

Therefore, M ='L'- = 1^. 



8/1 



also, ~- = pl^ = C. 
12// ^ 



This valu3 of C is convenient to use, because from it the 
total load that a beam can safely carry on a given span is readily 
obtained. 

Q 

L = total load = pi = — . 

To derive the value of C in the case of the beam above, if we 
use/ = 16,000, which is the value for buildings, then 

8 X 16,000 X 2 ,087.548 
— 12 x"l2 

= 1.856,598. 
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If the value of I given in the table of Carnegie's Handbook 
be used, the value of C will check with that above. 

The value of C, however, varies as much as or more than this 
in the different books, because a slight variation in I is multiplied 
to such an extent. The variation, however, is of no practical 
im|X)i*tance in deducing the value of L, as the variation here is 
slight. 

C, the coefficient derived by using the value of /= 12,500, 
becomes 

_ 8 X 12,5 00 X 2 ,087.548 
^ "" 12 X 12 

= 1,449,685. 

Equal Radii op Gyration. The last column in the table 
is veiy useful in the designing of membera tliat are desired to be 
equally strong against bending both in the directon of the web and 
in a direction at right angles to it, as this column gives the dis- 
tance apart that beams must be spaced to accomplish this result. 

Since the radius of gyration depends on the moment of inertia 
and the area of section, it follows that for a given section, the 
radius of gyration about two axes will be proportional to their 
moments of inertia about these axes. 

If d equals the distance in inches from the center of each 
beam to the neutral axis of the two, in order to obtain Ij.i = I3.8 
we must have Ij.^ = I2.2 + A cP. 

In the above case 

Ii-i — l2.2== 2,087.548 — 42.538 = 23.323 d^ 



=/. 



045.01 



23.323 



= 9.35 



Therefore D = 2 X 9.35 = 18.70. 
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BUILDING LAWS AND SPECIRCATIONS. 

The r^^uir^men::? of the Building Departments of diffeient 
Pit:** viTT cin^:: -ri'r'.T as re^rds detail matteiV, but are in quite 
cl'>H» ajre^irer.t on p lues a!Tect:ng the strength of structures. 

T::e rVlI-'winjr ulle sho^s the requirements of different cities 
as rejiirvis .It-? lo^.ls : 



TABLE IX. 



U^c 



!■ Differed CI 



•f BafldiDss. 



.1 L* fr^.ti*** ir-e .»x : 1*: ve .^f vei;r{it of materialt of Ci>nstrtictloii. 



>■-> Y -ES, Ch:«-AGO, PHULAnRLPHIA, 

:>«.. 1:«J0. 1903. 



L LAS!* ■ • >73.' 



BOJTTOH, 
lUOO. 



L*3«il, Poao'ls per Square Foot. 



Dwelling*. Apartnicn: 
Hou<e>.li'>telf, and L'.-i-:- 
inji^ ii».«iise5 



rO 



40 



ro 



50 



Office Buildincs — First 
FlcK^r . . . . r 


• • 


100 
100 


1 


1 

100 ' 

1 

100 


100 


Oftice Biiildincs — a b o v t 
First FliKT 


100 


SchcK^ls — except As^enil-lN 
Hallf 


'. '* 1 






1 

1 


80 






A>>emMy ll:ill» 


lv>0 




120 


150 


♦Stores f'-r IK-Livy Mauri- 
als: Waivh«'U<e> an-i Kac- 
torie>; Drill Mitd> . . . 


:r»o 


100 


i 


150 


2G0 


Kouf< 


■'V) 


•Ji 


1 

1 


30 


25 







•Minimum I»^ils a* a^ 'Ve. 
DuildiDixs used forsptrial I'lirp^-es ii» have loads s])ecified accordingly. 

Table X indicaU's ulluwaMe unit-stresses. 
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TABLE X. 

Allowable Uolt«str«4SM for Stool aad Cut Iron. «o Spoclfled by Bnildlas Lows of 

Different Cities. 

Stresses are for Mediam Steel unless otherwise noted. 



Exlremejibre Htreas- Bending. 

Rolled steel beams and 
shapes • ■ 

Rolled steel pins, rivets . . 

Riveted steel beams — Com- 
pression 

Riveted steel beams — Ten- 
sion net section 

Cast iron — Compression . 

Cast iron — Tension .... 

Compression^ Direct, 

Rolled steel 

Cast steel 

Wrought iron 

Cast iron (in short blocks) . 

Steel pins and rivets (bear- 
ing) 

Wrought-iron pins and 
rivets (bearing) ..... 

Tension, Direct. 

Rolled steel 

Cast steel .... • . . . . 

Wrought iron 

Cast iron 

Shear. 

Steel web plates 

Steel shop rivets and pins . 
Steel field rivets and pins . 

Steel field bolts 

Wrought-irun web plate . . 
Wrought-iroii shop rivets 

and pins 

Wrought-irou field rivets 

and pins 

Wrougiit-iron field bolts . . 
Cast iron 

Coluiinifi. 
Mild steel * 



New York, 
19U0. 



Chicago, 

1900. 



PlIILADELPBIA, • l{4>8TON, 
1903. < 1900. 



Pounds per Square Inch. 



16,000 
20,000 



14,000 

16,000 

3,000 

16,000 
16,000 
12,000 
16,000 

20,000 

15,000 

16,000 

16,000 

12.000 

3,000 

9,000 
10,000 
8,000 
7,000 
(J, 000 

7,500 

6,000 

r),r)00 



Medium steel * 



Wrought iron, 



Cast iron 



15,200-58 



15,200-58 



I. 
H 

L 



14,000 80 



I. 
U 



L 
ll,:^0-:^0 - 



16,000 
22,500 



10,000 
2,500 



20,000 
15,000 

15,000 
15,000 
12,000 



10,000 
10,000 



7,500 



JjOi) 



15,mK) 



15,000 



12,000 



1 0,000 



16,000 



o 



,750 



16,250 
16,250 
12,500 
17,500 



16,250 
16,2:^0 
12,500 



10,000 
10.000 
lo,(K)0 



.500 



7,500 
7,5<M) 



14,500 



1 + 



i;-^ 



1(),250 

i;-' 

il, (J<H) K^ 
1^2.500 

i5,0(M> 1{^ 
1 17.500 
17- 



1 + 



1 + 



1-h 



400 U- 



16,0(K) 
22,500 

12,000 

15,000 
! 8,0(K) 
2,500 



18,000 
1 15,000 

15,000 
12,000 



lO.fKK) 
1(»,(MK) 
10,000 
lo,(M)0 

0,000 

0,(M)0 
J),(M)0 



12.000 



12,000 



10,000 



Reduced by Gordon's or other approved f ormulte tor varying ratios of length to radius 
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Tjiljle XI givts, in [wunds per square inch, the transveree 
strength of various stone constructions, brick and concrete: 



TABLE XI. 

« Strcnglk of SIODC, Brick and ConcntB. 



Ejclreme Jibre stresn 



[trick 
('(jiicrete, 1 1 



.,.Jin.j. 




POt-NP. 


.« ...... ,»CB. 






2,200 
















BOO 








2,000 








b.WM 
















725 


1.1. Skh^ 


v^l 




200 


.1. 7 ,-n 


vel 




lis 



Where avails are canietl by the steel frjiming at each story, 
llK'y lire geneniUj- iiiiidc 12 inches tliick. 

Till- question of ln'ight also affects the requirements of fire 
resistaiKC aiul prevention. There is considerable variation on 
these iviints. Table XII gives the requirements of some cities 
whdSf^ l;iws are explicit as to the thickness of walla and the pro- 
portiuii of loiuU on coluiinis und foniidutions. 



TABLE XII. 

Brick Bearing WbI 



Ctaictio Law, tMI. 



Tlio abuvu Ubli: u)>iiliuH 



2(1 20 ■ 20 (i 
24 20 1 211 20 
lM 24 ■ 24 20 
■Jt 2-1 1 -24 20 

2M 21 , 24 24 


«l 
20 
211 
20 


*l 18 

■M 16 10 
2*1 10 
20 '.'0 l5 


iiiuniifautuniig u 


ds7 


i>ra(,'u UuildiDgB 
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TABLE XII, A. 

■ In lochM ol Brick Bearing Wall*. Phlladriphla Law. 1903. 



Oue-slOTj- 

Two-Btory 

Three-Btory 

Fi.ur-Blory 

Kivo-«tory 

Sli-Btory 

EiRlit-Blory 

TeB-»toty 
Eleven-Btory 

Twelve-story 



,» 


Id 


3d 


4tb 


«h 


Bth 


Tth 


Mb 


Dth 


mh 


nth 


n 






















la 






















IH 


\:i 


l^t 


















IM 


IJS 


n 


13 






































Ti 


Ti 


IH 


IH 


IS 


\lt 












n 


ff/ 


n 


Mi 




\H 


VA 
















1.f. 


1« 


IK 












m 


?« 


vn 


n 


V.i 


l« 


IH 


i;i 


n 






:i(i 


-•[(1 


VH 


m 


9^ 


Tf, 


IK 


iM 


1^ 


i:i 




U 


;i'i 


:t<l 


yti 






?■/ 


IH 


1« 


i:l 


ts 


u 


u 


•Jii 


HI) 


■M 


m 


'22 


aa 


" 


IS 


K! 



The above applies to exterior and bi'itriiig walls of business, 
mantifacturing and public buildings, 75 feut to 125 feet long and 
:i6 feet or loss clear Bpiin. Hotels and tenements may liave the 
3 upper stories 13 inches and following down from that in the 
sequence given above. 

TABLE XII, B. 



Safe Beahtno Vai.dbb ik 
To«a pan «j. n, ..N IHr- 

Mabosut. 


New York. 


ClU-A.IO. 


laoi. 




Granilo (DreBBe<lJ.>inU) 
in I'ortlaad Cement 


_ 


7 


— 




Riihl.le Slonework hi 
Lime Mortar 


6 


_. 


5 




Riibblo Stonework In 
Cement Mortar 


10 


_ 


10 




Brickwork Id Lime 

Mortar 


8 


«i 


a 




Brickwork in Cement 
Mortar 


IE 


9 


13 




Concrete. Portland 
Cement 


16 


4 


15 




Hardwood I'iles (SUx- 
imum on Head of Pile) 


- 


26 


ao 





The minimum tluefeness of curtain walla in Chicag»i is 12 
inches, in I'hilailelphia 13 inches, and in New York 12 inches fur 
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the upper 75 feet of wall, and 4 inches thicker for each 60 feet 
below. The New York law allows curtain walls to be built be- 
tween piers or steel columns and not supported on steel girders, 
provided the thickness is 12 inches for the upper 60 feet and 4 
inches thicker for each 60 feet below. 

Wind Pressure. The Philadelphia law requires 30 pounds 
per square foot to be calculated on exposed surfaces of isolated 
buildings ; on office buildings 25 pounds per square foot at the 10th 
flooi-s, and 2i pounds loss for each story l>elow and 2^ pounds more 
for each story above, up to a maximum of 35 pounds. 

'Hie combined stress in columns resulting from direct ver- 
tical loads and the bending due to the alx)ve wind pressures is 
allowed to be 30 per cent above that for simply direct loading by 
the Philadelphia law, and 50 per cent by the New York law. 

In New York no allowanee for wind is recjuired if the build- 
ing is under 150 feet high, and this height does not exceed four 
times the average width of base. For buildings other than as above, 
30 pounds per square foot of wind pressure from the ground to the 
top is required. The overtnining moment of the wind is not 
allowed to be more thiin 75 per cent of the monjent of stability of 
the struelure. 

Reduction in Live Load on Columns, Qirders and Foun- 
dations. The Philadelphia law allows the live loads used in calcu- 
lation of eolunms, girders and foundations for all but manufacturing 
and storage buildings, to l)e reduced by the following formula: 

,. = ioo-^-,/X; 

t> 

and for light manufacturing buildings, by 

X:= 100 — ^-i/-\- 

where x = the percentage of live? load to be used, and A = the 
area supported. 

The New York law requires the full live load of roof and top 
floor, but allows a reduction in each succeeding lower floor of 5 per 
cent until this reduction amounts to 50 per c(Mit of the live load ; 
not less than 50 [)er cent of the live load may be used in the cal- 
culations. For foundations not less than GO per cent of the live 
load may be ujsed. 
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Where the laws limit the height to about 125 feet, the 
requirements as regards fire protection and prevention are in 
general that the floors and roofs shall be constructed of steel 
beams and girders, between which shall be sprung arches of tile 
or terra cotta or brick, or approved systems of concrete and con- 
crete-steel. All weight-bearing metal of every description shall 
be covered with non-combustible materials, generally terra cottii 
or wire hith and cement. 

In buildings of this height the use of wood for top floors laid 
in wood screeds imbedded in concrete, and of wood for all interior 
finish, is allowed. 

Under the New York City law, buildings above sixteen stories 
are required to have their upper stories constructed entirely with- 
out wood, except that the so-called fireproof wood may be used 
for interior finish. The floors, however, are required to be of tile 
or mosaic or other non-combustible material, the wood top floor 
not being allowed. 

Factor of Safety. The foregoing v<alues represent the work- 
ing values of unit-stresses. They are in all cases a certain percent- 
age of the strains under which rupture would occur. This 
percentage varies with the different chisses of material and the 
different classes of structure. The quotient of the breaking strain 
divided by the allowable or safe working strain is called the " factor 
of safety." 

Steel and wrought iron used in ordinary building construction 
have generally a factor of safety of 4 ; timber, generally from to 
8; cjist iron, from 6 to 10 ; stone from 10 to 15. 

One reason for this variation in factors of safety for different 
materials is that certain materials vary more than others in their 
internal structur<j; and accordingly in some cases there is a greater 
likelihood than in others, of an individual piece being below the 
average strength. Other retvsons are found in the varying effects 
of time. Changes in internal structure are likely to occur in the 
lapse of years; and there is the further liability that through 
ignorance or carelessness the structure may be put to uses for 
which it was never designed. 

All these conditions make it unwise from the standpoint of 
safety to use working stresses very near the breaking strains. 
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St€el is less subWt lo rariatiou than other materials. Timber 
has kiiois siiiikess^ dry r»:iu acd other defects not readily discerned, 
which may j:r> a:*.y reduce its strength below the average. Cast 
iron h.kS blc^w-Iivles, or.fcoks flaws, internal strains, and uneqnally 
distributed nieial^ which are of frequent occurrence and very 




.'^.;/f — .•'••.' i-'''jn 



4.'^ 



likdy to escape detection. Stone liiis seams, crack , flaws, and a 
structure not iiuiforni, all causing uncertainty and variations in 
the strength of individual pieces. 

THE STEEL FRAME. 

The problems to be met witli m laying out the steel frame 
and designing the different elements are never twice the same but, 
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viii^' with each Bpeciiil case. Diffui-eiit cliiseeB of buiUlings give 
rise to different problema. Some of the problems tliat naturally 
arise can Ix-at be expUiined by going in detail through the process 
of framing the office building of which plans are given in Figs. 40 
to 45. 




In a building of this character, and in all buildings whore the 
interior arrangement is a feature, the designer of the steel frame 
must base liis work on the architect's layout. For this jjui-pose it 
is most convenient, in making the preliminary study and pifivisiniuil 
framing pliins, to use tracing paper, which can be placed over the 
architect's plans, and tlms sliow the position of all partitions, dnrts. 
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Position of Columns. The first step is the location of 
columns. These should always come in partitions, unless there is 
a lai'ge hall or like arrangement in which the columns form a 
feature. The ])()sition of the columns fixes, of coui*se, the sj^ns of 
beams and girdei*s. A stiffer frame will result if the beams run 




Typical Floor Pi on 

Fig. 42. 

traiisvcrso to the lont^est diniciision of the building. The girder 
spiins should also 1h^ sliorter than the beam spans, as otherwise 
excessive depth of girders will be re(inire(l. In general, therefore, 
the shortest spacing of columns should be in the direction of the 
longest dimension of the buikling. The length of this space will 
be limiU»d also by the allowable dei»th of floor system. For an 
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office building like the one in queBtion, it is not desirable to use 
beams or girders over 12 incliea deciJ, if possible to iivoid it. 
With the above points in mind, we shall see what application ciiu 
be made in this case. 




Columns cannot be located by a study of one floor plan alone, 
for the arrangement of rooms ni;iy vary from floor to floor so as to 
result in columns interfering witli doorways or not coming in par- 
titions in certain floors, though being well adapted to tlio comli- 
tions of someone floor. Tlie natural metliod, therefore, is totalte 
(he typical floor plan, and then adapt the locations indicated 
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tliereiii to tlio cdiiditioiis on the other floors. Figs. 40, 41 anil 
42 show rcs[i('i.'tiv('ly the biisement, fust floor, and tj-pical floor 
plans of an oflice builditiy; and Figs. 43, 43A, and 44 show 
lespecfively tlie fi*aiuing phms of the first and second floora and 
tyiiical floor. 




As will }),• Ri'cji, thir lot is iijiiii-oxi mutely of the same dimen* 
sionsou (Mill siili'. Tlicrt' is only one right angle, howBTer, and 
one side hiis two very obtnse angles. The iiiterior arrangement <rf 
the tyi>ieal floor shows a line of offiew on tlirre sides, with coni- 
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Where the laws limit the height to about 125 feet, the 
I'equirements as regards fire protection and prevention are in 
general that the floors and roofs shall be constructed of steel 
beams and girders, between which shall be sprung arches of tile 
or terra cotta or brick, or approved systems of concrete and con- 
crete-steel. All weight-bearing metal of every description shall 
be covered with non-combustible materials, generally terra cotta 
or wire lath and cement. 

In buildings of this height the use of wood for top floors laid 
in wood screeds imbedded in concrete, and of wood for all interior 
finish, is allowed. 

Under the New York City law, buildings above sixteen stories 
are requii-ed to have their upper stories constructed entirely with- 
out wood, except that the so-called fireproof wood may be used 
for interior finish. The floors, however, are required to be of tile 
or mosaic or other non-combustible material, the wood top floor 
not being allowed. 

Factor of Safety. The foregoing values represent the work- 
ing values of unit-stresses. They are in all cases a certain percent- 
age of the strains under which rupture would occur. This 
percentage varies with the different classes of material and the 
different classes of structure. The quotient of the breaking strain 
divided by the allowable or safe working strain is called the " factor 
of safety." 

Steel and wrought iron used in ordinary building construction 
have generally a factor of safety of 4 ; timber, generally from to 
8 ; cast iron, from 6 to 10 ; stone from 10 to 15. 

One reason for this variation in factors of safety for different 
materials is that certain materials vary more than othei-s in their 
internal structurvs; and accordingly in some cases there is a greater 
likelihood than in others, of an individual piece being below the 
average strength. Other reasons are found in the varyii.ig effects 
of time. Changes in intenial structure are likely to occur in the 
lapse of years; and there is the further liability that through 
ignorance or carelessness the structure may be put to uses for 
which it was never designed. 

All these conditions make it unwise from the standpoint of 
safety to use working stresses very near the breaking strains. 
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dors parallel on these sides, and an interior court. The effect of 
this court is to divide the building into sections whose longest 
dimensions are parallel to the exposed walls. 

As before noted, it is an advantage for the sake of stiffness to 
have the girders run pamllel with the long sides. It is further an 
advantage, and generally necessjuy, to have the girders of shorter 
span than the beams, and to have them come in partitions, as 
otherwise they would drop below the ceiling or necessitate a deep 
floor system. The first step, therefore, is to see whether the col- 
umns can be so placed as to meet all of these requirements. In 
the present instance it will be seen that in general this can be done 
by phicing the columns at the intersections of oflSce and corridor 
partitions or walls. This is, moreover, a desirable location for the 
columns, because with the thin partitions used in oflSces, a column 
cannot be fireproofed without exceeding the thickness of partitions, 
and it is not desirable to have a large column casing in the middle 
of a partition. 

The next point to fix is the exact position of the column cen- 
ter with relation to the partitions and the direction of the column 
web. The corridor side should finish flush with tlie corridor par- 
tition, leaving the necessary casing to come in the offices. There- 
fore the center must come a little inside of the center of the corri- 
dor partition, and coincident with the center of the cross partition. 
As the greatest dimension of the column is generally in the direc- 
tion of the web, it will be necessary to set this in less if the web 
runs parallel with the corridor partitions and with the girders. 
This is generally the Ijest arrangement also for the framing for, in 
the upper sections of columns, the distance between the flanges of 
the columns might not be sufficient to allow the girder to frame 
into the web, while the beams, having a smaller flange, would take 
less room. An exception to the above consideration would be the 
case of double-beaui girders, as will be explained later. 

The location and position of the main interior columns having 
thus been fixed, the next thing is to locate any columns wliose 
position is dependent on special features. 

.In this case, the corridor arrangement along the side E F at 
the end near D E makes it necessary to place this column out of 
the line of the others. On this account and to avoid excessive 
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loads on the gii-der fi-aming into this column, an extra columq is 
put in the partition between toilet and vent at this end. 

In the exterior walls, columnB of ooui'se have to be placed at 
each comer and also at the angles in the aide A B C D. The other 
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exterior colnmns natumlly are placed at the intersections of ofiioe 
partitions with exterior walls, because here the piers in the walls 
will be the widest. The disUince from the ashlar line to the cen- 
ter of wall columna will vary in accordance with the architectural 
detaila Thura should never be less than four inches of masonrr 
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outside of the extreme corner of column, and, if possible, there 
should be more. 

Better protection is given the steel if the web is parallel with 
the face of the wall. Where the spandrel beams and lintels aw 
veiy eccentric, however, this position results in an mieconomical 
section, since the weakest axis of the column is thus exposed to 
the greatest bending. Some designers, however, prefer to sacrifice 
economy in this regard to more efficient protection of tlie metal. 

The columns thus having been placed according to the anange* 
ment of the typical floor plan, the next step is to see if any 
changes ai-e necessary to suit the conditions of the floors that differ 
from this plan, namely, the basement and the first floor. From a 
glance at tlie plan of the first floor, it will be seen that two of the 
columns come down in the main entmnce in such position as to 
obstruct the passageway. It would be passible to change the posi- 
tion of these columns and make them conform to the firet floor 
partitions. The results in the floors above, however, would not be 
so good, and therefore additional columns will be provided, sup- 
porting girders at the second-floor level to carry the columns above. 
A similar provision must be made for the wall column over the 
entrance. 

The position of the columns thus having been determined, 
the girdei-s follow by joining the centei*s of columns. The spacing 
of the beams will be determined largely by the system of floor 
arch to be used, except that, unless entirely impossible, a beam 
should come at each column in order to give lateral stiffness to the 
frame. If a terracotta arch is to be used, the spacing should not 
be much over six feet at the maximum, and an arrangement such 
as shown would result. If a system of concrete arches is to be 
adopted, in which spans of eight or nine feet can be safely used, 
the beams between the two lines of girders on eacli side of the 
corridors may be omitted. 

Certain other points should be noted in regard to this framing 
plan, as follows : 

Columns should not be put at the front of elevatorB, as they cannot ho 
fireproofed without interfering with the clear space of shaft. 

Beams, if possible, should always be framed at right anglen to girders, 
as oblique connections are expensive. 
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Beams should Dot frame off center of column if a little change in either 
column or beam can obviate it. 

Columns on adjacent and parallel lines should, as far as possible, be 
opposite each other; that is, a beam framed to the center of one column 
should <'ilso meet the center of the next line of columns. 

Spacing and spans of beams should be such as to derelop their full 
strength. 

Fi^. 45 shows the wall sections and the resulting spandrel 
sections and wall girdei^s. Not all the points that arise in such a 
framing can Inire be brought out; but from the foregoing the gen 
eral method of treatment of such problems should be clear. 

In buildings of a different character, many different and ofteE 
more complex conditions will arise. The student, however, must 
always l)ear in mind that it is the duty of the designer to gra^sp 
fully the architect's details, and so to arrange his framing as to 
(conform in all res[)ects thereto, unless such details can themselves 
be changed more readily and to better advantiige. It is essential 
for the designer to see not only what luis already been determined, 
but what details will result when certain features are fully worked 
out ; and in all his work the economy of design and framing, and 
the. cHicicncv of the framework, should be kept constantly in mind. 

'Vhr framini,^ shown for this building is moi'e especially 
(Icsitrni'd for co]icr("tc floor aiches. In cases where terra cotta 
arclies arc used, a somewhat different arran^j^ement of columns 
would i)r(>l)al)ly be madi;. 

In the framiin^ of floors and roofs, it is not always advisable 
!(► use tlic exact sizes and weights of beams that are theoreticallv 
r('<|nirc(l ; tluMc art? ot*i(Mi a number of pmctical considerations 
anVctinL;- the drlcrminalion. As ])reviously stated, standard sizes 
and wcii^dits sliould be used wlu'revcr practicable, as ordinarily 
thcs*' sizes aw. much more readily obtainable than others. If the 
trciKM'al tVamini* consists of standard sizes, and a few beams are so 
loaded as to I'l'tjuire special si/.i^s and weijj^hts, some change should 
if possible bi3 made to avoid this, as to insist on the furnishing of 
a few ))eauis ot odd w(»iL(his might cause serious dehiy in the 
delivery. In certain cases when? it is of special advantage to maki? 
nearly all the bi*ams of special weij^hts, arrangements might \>c 
made for tin? delivery, provided the tonmige is large. 

Beams, a,s far as possible, should be of the same size tinough- 
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out a given floor, since for a level ceiling different depths of beam 
would require furring, or exti-a filling, or special arches. Where 
gild era of short spun carry the ends of heavy beams or girders, it 
is sometimes necessary to use an uneconomical section in order lo 
get a sufficient connection. For instance, a 10-inch beam might 
be strong enough to carry a 15-inch beam; but the connection 
could not be miide to a 1 0-inch beam, and therefore a larger sized 
beam or channel should be used. In general the girder sliould be 
of the same depth as the beam, or nearly so, unless the beam rests 
on top of the giitler or is hung below it. 

In some cases also — generally where small beams are used — 
the standard end connections are not sufficient, and it may be 
necessary to use larger sizes. 

Other special conditions of framing are likely to arise, affect- 
ing the determination of sizes, so that the designer, in laying out 
the framing, sliould kee[) in mind the feasibility of making proper 
coiniections for framing tlie different parts. 

When very heavy loads are carried by beams of short span, it 
is necessary to use a section that will have Buflicient web area to 
prevent buckling. In such cases, the sizes of beams may be deter- 
mined l)y tliis condition rather than by the bending moment caused 
by the loads. The tendency to cripple is greatest at the ends, and 
in order to determine the aUowable fiber strain, a modification of 
the column formula as given below is ap[)licable. The total shear 
should be eoiisidered to be carried by the web, and the combination of 
horizontal and vertical shear is eijuivalent to tension and compres- 
sion forces act in**: at an an^le of 45° with the axis of beam. The 
unsupported ItMiL^^ili in the formula, therefore, is the length between 
filh^ts on a line making 45'^ with the axis of beam. 

Tie Rods. Tie rods should be spaced at distances not greater 
than twenty times the width of llant^c^ of floor beams. 

The size of tie rods is generally J inch diameter. An approxi- 
mate determination of the recpiired size can be made by use of the 
following formula giving the thrust from floor arches: 

r^_ 3WL2 
whore T :^ thrust in pounds per linear foot of arch. 
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W = load per square foot on arch, 

L = span of arch in feet, 

R ^ rise (in inches) of segmental arch, or effective depth of 
flat arch.* 

The spacing of the tie rods being known, tlie total sti-ain on 
the rods is the thrust, as above, multiplied by the spacing. Divid- 
ing this by the safe fiber strain of 15,000 lbs. per square inch, 
gives the net area of rods, or the area at the root of threads, and 
thus determines the diameter of the required rod. 

The spacing of tie rods is generally determined by providing 
one or more lines dividing into equal spacing the length of beams 
between connections or walls. The number of lines is determined 
by the necessity of keeping the thrust within the capacity of a cer- 
tain size rod, or by the limit of twenty times the flange width. 

FIREPROOF AND FIRE- RESISTING 

MATERIALS. 

The functions of fire-resisting materials are threefold : 

1. To carry loads. 

2. To protect all structural steel, 

3. To serve as noncombustible partitions or barriers. 

The specific uses are, in general, the following : 

1. Floor and Roof Arches. 

2. Ceilings. 

3. Partitions. 

4. Protection for flanges and webs of beams and girders. 

5. Protection of columns, doors, and shutters. 

Fireproof materials, as generally used at the present time, 
comprise burnt clay in various forms, concrete, and plaster. 

Fire-resisting materials, in general, comprise specially treated 
wood, certain kinds of paint, tisl)estos paper or other special kinds 
of paper, and metal-covered wood. 



* NoTK. By ** effective depth of flat arch ** is meant the depth from 
top of arch to bottom of beam. 
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FLOOR AND ROOF ARCHES. 

Terra Cotta Floor and Roof Arches. Enriit-clay ])r()(hicts 
include^ i^rirk, porous tile. ;iinl \\\\\A or diMist^ tili^ The latter two 
aro coiniiionly called terra eotta. 
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The use of brick for arches between beams has, in buihling 
construction at least, become almost entirely olwolete. This is due 
largely to the saving in weight accomplished by the use of other 
materials. 

When brick arches are used, the eonstraclion is generally of 
the type shown by Plate II, Fig. oO. There is a patented system 
employing brick, which is known as the liapp system. The bricks 
here do not form a self-supporting arch, but are laid flat Initween 
metal ribs or liars that spring between tlie st«'el beams. 

The use of burnt clay products in ilreproof floor and roof 
arches and coverings of steel, is confined almost exclusively to 
terra cotta, and this is generally of the porous type. 

Porous term cotta is lightei and less brittle than the hard 
tile, with probably almost equal strength. It is made by mixin<,' 
straw M'ith the clay, the mjiss, when burned, In-ing thus left jk)]- 
ous. It also has the advcintage that it can be nailed into, this 
being especially important in roof and partition blocks. 

Terra cottii arches were formerly laid up exclusively with the 
ribs running paraUel to the beams, this construction being known 
as side construction. Tests have shown, however, that the arch 
is stronger when laid with the rilw at right an««fles to the beams; 
and this practice, which is known as end construction, is now 
generally followed. Figs. 4G and 47 (Plate II) show these two 
constructions. 

An inspection of these cuts will show that the arch consists 
ot a key, voussoire, and skew-back, shuped similarly to the prac- 
tice in masonry archers. It should be noticed that in si<Ie construc- 
tion a special-shaped skew-back is reipiired. wliirji is not the case 
in end constru(*tion. Also notice that tlic j^iiM-c? j)rotectinLr the 
flange of the l)eam is separate fnan i1m* anh, this IwMug a simpler 
plan than to shape the skew-back so as to cnv^'r the ilani^^f. 

The arch is generally two inches lower tlum tlir bottom of 
the beam, thus coming flush with the llan^^^e j)ic<'e ant! givin;^^ a 
flush surface for plastering. 

The construction of wood screeds and top lloniint; shown is 
almost always used, although other f<»nns couli' ;m ..«i()p!e(L Tlu.' 
filling iKjtween the screeds shouM always be a eemcnt concrt.'te, 
al though cnuters instead of stone may 'k* used 
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The method of supporting the centers for tliese arches is 
shown by Fig. 52. This construction allows the centers to be 
readily removed after the arch has set. 



^^^^^^ 





CENTERS roR TERRA OJTTA FLOOR ARCH. 

Tlie practice, in ^^cncral, is to set the floor arches, from 
the lower floors np, after th(» steel frame has been carried several 
stories in advance. Centei's used in the lower floors can be used 
in th(» upper floors unless the work progresses very rapidly. 

Roof arches, on account of tlie pitch of the beams, have to be 
furred down to give a level ceiling. Terra cotta blocks may be 
used for this purpose, as shown in Fig. 48. It is, however, quite 
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as eommony even where terra ootta floor and roof arcUea are used, 
to form the furred-down ceilings of small channels or angles 
covered with some form of wire lath. A construction of this sort 
is shown in Fig. 53. 

For ordinary loads it is not usually necessary to calculate the 
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depth of terra cotta arch required. The spans are kept within 
certain limits, and for such limits tlie proper depth of arch has 
been well determined. 

The following spans and depths of arches represent the 
acoepted practice: 
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When it is desired to use terra cotta construction for hea^y loads, such 
as in stores and warehouses, a segmental arch is used, generally 4 inches or 
6 inches in thickness. The tilling above the arch consists of concrete, either 
of stone or cinders. This construction is illustrated in Fig. 49. While 
greater spans are sometimes nised, the best practice does not exceed about 
8 feet, and is preferably limited to 6 feet. 

Quastavino Arch. Tliis is a dome or vault sjrstem especially 
adapted for long spans where a flat ceiling effect is not essential, 
as in churches, libraries, halls, etc. 

The coiistruciiun consists of several layers of hard tile one 
inch thick, laid breaking joints. The number of layers varies with 
the conditions, but generally does not exceed four. The rise of 
the dome is ordinarily not great ; and it rests either between walls 
or, in some cases, on heavy ginlers. The tiles are usually set 
in Portland cement, except that the first conrae is set in plaster in 
orcier to obtain a quick set and to dispense with a certain amount 
of centering. 

This system is almost always installed under a guarantee from 
the company controlliiii^ the patents, as to its efficiency and adap- 
tability to the conditions of the special case in hand. 

Concrete-Steel Floor and Roof Arches. The types of concrete 
and concrete-steel arclu's are In^'oniing more numerous each day, 
and only a ft-w will liriv W discussed. They may te separated 
primarily into fliit arclu-s and sej^mental arches. In most of the 
systems v)f tlie tlat-an-h constnu'iion, the action is essentially that 
of abeam of roneivtr in whicli niftal is embedded on the low side 
to increiist* tlie tensile stien^^th, sin<'e concrete is not as strong 
in tension as in e<Mnpression. In a few of the systems, however, 
when spe<'ial-s]iape<l bai^s are used ;it sliort intervals, the effect 
is more tliat of a simple slab of eonerete su})p()rted by these Iwus, 
wliieh aet as small beams between the main tloor lx»ams. 

In tlie segmental form of eonerete construction, the metal, 
where used, is <rtMierally intended more as a permanent center for 
forming the arcli and for supporting it until the concrete has fully 
set, wlu»u tlie eonerete is considered as taking the load independ- 
ently of the ste(d center. 

Plate III shows types of Kxpan<led ^letal Floor Construction. 
Fig. T)! shows System No. \K whieh can be ada])ted to long spans. 
It is not the general tyjx) of this form of construction, however, as 
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the types shown below i»re generally considered more economical. In 
calculating the weight of the construction, the arch should be figured 
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separately from the filling alxive, as the weight^ of tln'su are different 
The same remark applies to all systems of concrete cunstruetion. 
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Fig. 55 shows System No. 3, with a furred-down ceiling to 
give a level effect This ceiling is not a necessary part of the 
construction, and is often omitted. The space between ceiling and 
floor slab is available for running of pipes, wires, etc.; and, to avoid 
punching of beams when such use is niiide of this space, the ceiling 
is dropped l>elow the flanges of beams far enough to allow the 
passage of pipes, wires, etc. 

This system is the one genemlly employed for long spans and 
heavy lo.uls, as it gives the most substantial protection to the steel, 
and has certain elements of strength not possessed by the other 
systems, as follows : The haunches, besides protecting the webs 
and flanges of beams, shorten in effect the span of floor slab, and 
stiffen the floor l>eams against side deflection. The sheets of 
expanded metal can be made in effect continuous over all floor 
beams, and, because of this, the whole construction from wall to 
wall acts together, and has the advantage of a continuous beam 
over a number of supports. While it is impossible to state exactly 
what this advantage amounts to, on account of the uncertainty 
of actual conditi(ms conforming to the theoretical assumption, 
it is probably safe to assume that the strains in the floor slab of a 
constiuction having this continuous feature would not be more 
than three-quarters as much as if the shibs were discontinuous. 
It should iKi noted in the above system, that if the furred ceiling 
is omitted the lower flmges of the beams are protected in a man- 
ner similar to that shown for Svstem No. 7. 

System No. o, illustrated by Fig. 56, differs from System 
No. 3 only in the method of protecting the Ix^am. As will be seen, 
all the strength allorded by the haunch is lost l)y this construction, 
and, as will also be seen later from results of tests, the protection 
is much less iireproof. 

Fig. i'u shows System No. 4, which difTei*8 from System No. 3 
only in the entire omission of protection to floor beams. This 
syst^^m is therefore only semi-iireproof, and in event of fire in the 
story below would not l)e to any degree fireproof. It is sometimes 
used with a fireproof suspended ceiling, but^ as will be noted 
further on, tests of such ceilings have shown them to be of ques- 
tionable value as efticient fire barriers. 

Fig. 58 shows System No. 8. This system is chiefly adapted 
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to light loads on moderately long spans where the beams are in 
geneml not over 8 inches or 9 inches deep. In such cases, where 
a flush ceiling is desired, it is sometimes more economical than 
some of the other systems with suspended ceiling. 

It has the disadvantage from the standpoint of strength, that 
the load all comes on the lower flanges of beams, and further, that 
all continuous effect of slabs is lost. 

Kig. 59 shows System No 7, really a modification of System 
No. .3, in which, in order to save depth, the floor slab is flush with 
the top of tlie floor beams. 

This system also has the disadvantiige of loss of continuous 
effect. In all the above systems, the more conunon spans are 
from 5 feet to 8 feet. The company controlling the patents, how- 
ever, claim to be able with safety to adapt the construction to 
longer spans, even under heavy loads. 

In these systems, iis well as in all othei"s where a cinder filling 
is used on top of the floor slab, the filling should contain some 
cement, ns otherwise the unneutralized cindew are likely to cause 
corrosion of the steel. 

Tlie depth of floor slab varies with the load and the s[)an, but 
is ordinarily 3 inches or 4 inches for loads under 2(H) lbs. and 
spans of about 5 feet. 

Plate IV illustitites tyi)es of the Roeblini,^ system of fireproof 
flooi-s. Fig. 60 shows System A, Type 1, whidiconsists in general 
of a wire center sprung between the bottom fianL,n*s of lloor beams, 
and upon which is deposited cinder concrete in the form of a seg- 
mental arch whose top is flush with the top of floor beams. 

The strength of this system is eonsideretl to be simply that of 
the concrete arch, the wire center \mn<r intended merely iov the 
support of the concrete until it has set, and for a j)ermanent center 
upon which plastering may be apj)lied directly if a level ceiling is 
not desire<l. This construction, Type '2, is shown in Vvj;. <)1. It 
is further clainufd for this wire centering, liial it facilitates the 
more rapid drying out of the concrete on account of exposing both 
surfaces to the air and allowing the surplus water to (lri}> through. 

Fig. 62 shows System B, Type 1. Tliis is a flat arch con- 
struction in which the steel members are bais spaced generally 
about sixteen inches center to center, the concrete slab being 
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Fig. 63, Typf 2, alir.ws the construction when ths f-uspendud 
ceiling is oinittcil. This Husjieiuleil ceiling dries not always have 
the Iwre Bhown hy Fig. 62, but furslioit spans IiRssini|ily tlie wire 
cloth stiffened by nxls wdvt-n ijilo it. 
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Fig. 64 shows System B, Type 4, in which the floor shib rests 
on the lower flanges, and the cinder filling is flush with the top of 
floor beams. This system makes some saving in depth, but is 
open to certain objections, one being the disadvantage from the 
standpoint of strength of resting the slabs on the bottom flanges, 
and another the al)sence of all protection or covering for the top 
flanges of beams. 

The practice of the company controlling the patents is to 
deposit the* concrete without any tamping such as is ordinarily 
done in the other systems. The claim is made that this method 
insures lightness and preserves its porosity, being thus rendered 
less subject to the effects of changes of temperature, either of the 
outer air or under exposure to fire and water. 

As will be noted later. Professor Norton advocates tamping of 
concrete to eliminate the pos.sil>ility of voids, which ho shows to 
be always [)roduetive of corrosion of the steel. 

Plate V shows types of the Columbian system of fireproof 
floors. Tliis is a flat arch system, in which the action of the floor 
slab is that of a concrete beam with imbedded steel bars. 

No continuous effect such as is had in some of the other 
systems exists in this construction, except as the whole construction 
of girders and their casing may l)c considcMcd as acting together. 
The connection of the bars to the floor beams, and the concrete 
being finished flush with tops of beams, make the slab, considered 
by itself, discontinucms. 

In the systems previously descril)e(l, cinder concrete is almost 
invariably employed. In this system, however, the use of stone 
concrete is the prevailing practice. 

The different types vary only in the size and spacing of the 
iml)edded bars (and consequently in the thickness of the concrete 
slab) and in the connection of these bars to the lieams. This con- 
nection is made either by means of small angles bolted to the webs 
of floor bctims similarly to regular Iknuu framing, or by means of 
hangers resting on the t(^p flanges of beams. The former consti*uc- 
tion is used only when special stiffness of the frame is required, as 
in high building construction. 

The thickness of slab is generally 1\ inches more than depth 
of bar. The spacing of bara and of beams varies with the recpiired 
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loads. The diflfererit cuts shown (Figs. 65, 6B, and 67) give 
reasonable limits. In any cJise of special loadings however, or of 
spans exceeding 8 feet, t^sts should Iwj made in accordance with 
the requiied conditions. 

The explanations given on the plat€, in connection with the 
above, should make the construction clear. It is the practice, in 
usincr this svsteni, to have slots in the brick walls at the level of 
the floor slabs, and the l)ars and concrete slabs ai'e then imbedded 
in these slots. This gives a good tie for the walls, and obviates 
the necessity of channels against the walls to take the floor con- 
struction. 

In all calculations of the weight of dead loads where this 
system is used, the difference in weight between cinder concrete 
and stone concrete nuist be noted. 

Figs. (19 and 70 show the Ransomo system of floor construe- 
tion. This is one of the oldest forms of concrete-steel construc- 
tion, and is used in various modified forms to suit different 
conditions. It consists of steel rods imbedded in the tension side 
of the concrete ; these rods run tmnsversely to the beams, and are 
tied longitudiually l)y other rods. In some forms of this construc- 
tion, steel girders and beams are replaced by deep concrete beams 
with heavy rods imlHMlded therein, and tied at intervals by 
U-shaped rods. I'he use of rods in the concrete makes possible 
many varied f(»rnis of construction, Imt si)eeial knowletlge of the 
subject is riMjuired to design such forms proj)erly. 

1'he use of cjonerete and conerete-steel arches cannot as yet 
be considered to bo very general. They Jii-e of comparatively 
recent introduction; and alihougli, in the aggregate, they may 
now be said to be extensively used, there is as yet no one form 
recognized as standard. 

The Building Departments of all cities have required special 
and severe tests of full-sized arches to be made lx?fore allowing 
any of the types to be used in construction. Their use is un- 
doubtedly growing, and perhaps more especially in warehouses 
and buildings of heavy construction. There are certain features 
not jHJSsessed by any of the concrete systems; and this fact, prob- 
ably, to a great degree explains the more gi'ueral use of terra cotta 
in otlice buildings. 
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As nDtetl previously, uii imp^rtuit feature in Imildings not 
havinir heavv" ni;LS4->a:*v w.ills is Licenil stiffness. This Literal stiff- 
ness is secured to a ot»a^L'Urible de^jree by the floor construction, 
which serves to tie c>irecher all parts of the framing at each floor 
leveL and also to distribute the latenil strain throughout the 
whole. 

A floor construction which tills the wh«>le depth of the beams 
Is therefore better calculated to perform this function than one 
that is eomparativt^Iy tlmi. as are nearly all the concrete systems. 
Am>tlier imoortant considtnition con»^t^iiis uniformity of material. 
Porous terra ct»tta. like brick, is e;isily inspected, and a nearly 
uuiti.>nu pmdurt can thus In* sc« nretl. The strength of concrete 
and of concrete strrel. h« wwer, depends very largely upon the use 
of proper nia:enal:> and tii^ir proper mixing and Liying in place. 
Much greater vari iriou l^ here likely to occur, and consetjuently a 
greater or lf>s uncertainty as reirards uniformity of results must 
exist. Ant^ther [u.int tu l»e «M.>nsidered is the necessity of having 
the concrete or ct>n ■rete-<c»t'l sy-tem installed by the company 
contn>lling it, this resultin.: frcni tlie patents covering each form 
of ctni^tructiori. A >riil further advantage is the flush ceiling 
iiiveu hv the* rrm c- rt.i M cks. 

Tii--:e are, h w-v- \\ i.-\::\'^v' •:< p.-ints to he cited in favor of 
nianv of t!:«'S«- >\-r.:;i<. l":.-- ^:"i:e::il trtrnd of in vesti nation and 
di-icu-^si'-iL is to\v:i"'I a :'».-*.:t»r ■;:.«h-i-s:.ir;'li!;Lr of the possibilities of 
roucrete s:..-..l i:i lt*-::- ral, a:i 1 this wi.l. ur.t unlikely result in the 
future in its n:- re ex.:- : -:ve ise. 

It IS ii'^t the lT- !;rr:-al ^luc'Lce <^i iii'lividual designers to calcu- 
late the r'«:a::e'l d^^'. :!i -f s!.t: i-i the aiH»ve svstems, except in 
the ca>«' of U'/ii-^iiI l'\:i< .i:.-l s'-aris: but, as in the case of the 
terra r..:t.i sy.>rc:n>, tr.-\> i.-.-. r. 1 yj^'-\y (h-toiniined the limits of 
snans f-r v.iri -iis «U.': t! -^ ai.-l i"a«i>. A< o.-ti-Tt-te aruhes are used 
fiir heavy as wt-ll u< H^ht !■.»■:<, I'W. ••>>•:•, :he:e Ls need of more 
exa«'t data thiu is at ['i-'S-iit avaiiaM- t» -h.: ermine their capiici ties 
undt-r tlifft-rt'iit o=>".d:r ;«'!>.<. 

It cannot be said t«» ^M ""li^rivMtivc pi.u'.ii.'e in any of these 
svat^^nis, niurh to tx>«-d « iiriit i»*tt in ti:-.' >pan nf the arches. 
^rhe nn<^eitainrv <'f rise 'lU-ilirv •.)'" t'l" ^'-'Ui :-> when cinders are 
used, and the un- Lrtainty of s*'t. [:\ rh^^ tlee[»er ijlalis, together with 
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ihe prodnci. xniikr n im^i >r;4m* i- ii— =: v-::i;;] ::.- lnur. 

svslems reouirr fLT.nr Li.tv: i. ^•-- i-- - — ! ::^ 

Tests af Raar and R«flf Mzbss. T:?* ii- -•- — - -•- -—" '•" 

sdl forms ••! €'»•: ar-L i- TTiri- rr]«-^u-- ii i-- a! l v-jr*- v-ii-i 
under Iriifti. Af ii'u-^v*- sian-L .■!»*- ••: ::t^ "c:r'ii'ii> — ;.:«c l vt-T^ 
imjioniLiit oii*r — •: LL ii*^i •'»: niAi-r^Tiii:- .- i- :r ar'*: iif ?c*:C ; 
for, if tbe f"Vrr:!;i: :r*l:- ^^fi. i-^^A'^ iii* -='—. n»*^iii'r*^ • l"t» •**••£ 7* 
fire, the si-^^/l fr.iur v-::. - • •: z..:. ^ n- •:' ":xr tl;.'--;;. - Tis-" — 
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combustible. Failir-r-. i^'ij-:. :: • ::>. i- i: :.:.\r.\ i:;;o :.^ i\j\ui- 
sion an«I ctntra* li-n •.•d-if.-l :»>'•■- :ivv'!v f; :'..* -^.ti v.>o l.twt ,\^^1 
bv the chilling *-fTec: of li^e e-::-.^::. •■: x^^.t^-^ i.:A ;o \\w i.K\%- .-t 
the stre;iiii kri»n'kiiJi: off !•:<-'•»-> :h.i: I* ■::;■ 1.^ >< r.td. All of l\w 
systems in ireneml use h.ive i»t^rn >r/: i •• >* i i • vt iv >o\i'U* losts of 
tills ch;ii"acler with* lut cnllips,-. ]»♦*[■ -ir Kii!:: ,u\i*pt«Ml h\ tbo ilitYrj 
eiit HuiMiiijj I)».*;«;irtm«-iits: .m-i it i> j.r ImI'U' tlnl \\\w\\ faihnv 
cxjcurs in actual ImiUliir^ lin-s ii is ihio to ion>mirii\«* tlofrols, 
there having Wen less careful roiisiriirti«Mi ihan was \isoil in tlu» 
tests. 
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If only a small portion of the covering becomes detached, the 
whole adjacent construction is seriously endangered. It will be 
seen from the above that failure is more likely to start fi'oni de- 
tachment of the covering of beams, girders and columns^ than in 
the body of the arch, and such covering should be as substantial 
as possible. For this reason, Imunclies or a solid filling protecting 
the beams and girdei-s are prefemble to wii*e lath wi*apping the 
same. 

Tests by the New York City Building Department on floors 
having suspended ceilings of wire lath and piaster, resulted in 
these ceilings being entirely destroyed. Tests of different floor 
systems having rolled shapes, such as T bars or special-shaped 
bare, imbedded in the concrete slabs, showed less deflection under 
loading than when a mesh of wiie rods was used. 

The method of testing floor arches is as follows: A brick 
furnace is built, having a hirge combustion chamber, the top being 
of the floor construction to be tested. Tliis arch is loaded with a 
load genemlly four times that specified. Measurements of deflec- 
tions due to the stress are tjiken before and after exposure to the 
fire. During this exposure, which generally bists several hours, a 
temperature of from 2,000° to 2,r)00° is constantly maintained. 
After some time a stream (^f water fiom a lire nozzle is played on 
the arch, thus reproducing as nearly as practicable ivctual condi- 
tions. 

After the t(?st, the load is removed to see how great the per- 
manent deflection is. It is important in all loading tests to have 
the load appli(Ml over a dclinite area, so that the exact load per 
S(juare foot can l)e (h'terniincd, and to avoid all possibility of any 
portion of the loail hcaiinii^ on the hranis instead of on the arch. 

The results of sonu; te.sts made under diff'erent conditions are 
here given : 

A fire and water test on a concrete expanded metal floor 
comp()se<l of (\\ inches (if concrete mixed in the proportion of 1 
part Portland cement, 2 [nirts sand, and T) pints cinders, showed 
the following results: 

The shih was of a tyj)e similar to tliat shown in Fig. 55, tlie 
beams U'ing 20-iiuh beams and spared about 12 feet center to 
center, with the span of the beams almut 17 feet. inches. 
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The slab of concrete was loaded with 400 lbs. per square foot, 
under which it deflected .30 inch. Under exposure to fire the 
deflection increased to 2^ inches, and when the test was completed 
remained about 3| inches. 

A portion of the under side of the concrete \/hS knocked off 
by the stream of water. 

A test under practically the same conditions as above was 
made of the Columbian system. The ty2)e was of the general form 
shown by Figs. 65 to 07. The spans were tlie same as above. The 
slab was 8^ inches in depth, composed of 1 part Portland cement, 
2| paits sand, and 5 parts broken stone. The bars were 6-inch 
bare, spaced 2 feet center to center, and fastened to the beams by 
angles. 

A j)ortion of the girder covering consisted of mackite blocks 
pLastered, another portion consisting of 2-inch cinder concrete, the 
latter being tlie regular construction. I'here were also two 8-in(*h 
I-beams set up, one covered with cinder concrete to 9 inches X 
13 inches; the other covered with hollow bricks to 12 inches X 
16 inches, giving 4 inches covering. 

The floor was first loaded with 1,000 ll)s. per square foot, 
under which it deflected | inch. The load was tlien reduced to 
400 11)8. per square foot, and the fire test commenced. This lasted 
for two and one-quarter houre at a maximum tem[)erature of 1,700°. 
A stream of water was then applied for 4 J minutes, and afterwards 
another fire test given of 38 minutes and a second stream of water 
applied. The floor, at the end of the test, sliowed a deflection of 
1| inches. The cinder concrete beam and column coverings were 
not materially damaged. The mackite covering was entirely 
stripped off, and the hollow brick column covering badly damaged. 
No apparent injury occurred in the floor slab. After this test the 
floor was loaded up to 1,050 lbs. per s(juaie foot, at which point 
the walls of tiie test house made it net^essary to stop. 1'lie net 
deflection under this load Wiis 1| inches. A few cracks ai)peared 
in the ceiling under this load, most of them being parallel to the 
bars.* 

Numerous other tests of ex[)an(led metiil flooi-s on shorter 



•XoFK. A detailed report of these tests is given in Engineering A'eira, 
June 27, and November 21, UK)1. 
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spans liivve sliown satisfactory I'esults. For s[)iins up to 8 feet and 
loads lunler 2O0 lb-;, per square foot, which are the onlinary condi- 
tions, the cinder compete shows safe results. Beyond these limits 
special tests shouM \wt niath^ in each case. 

A vahiable review nf the effects of a practical fire test on 
terra cotta and concrete floor construction, is given in the discussion 
bearing on the fire that occurred in the Home Building, Pittsburg, 
Penu., May 3, ISOT, which was published in Eivfineerintj Ae?trx, 
May -0 ami 27, and July 1 and IT), in that year. An account 
of a second fire which nrcurred on April 7, 1900, is published 
in the same periodical under dates of April 12 and April 26, 
1900. 

The New York IJuildini^ I)e[>artnient conducted a test on 
three arches of the (lua'^taviiio type, each 3 feet in length. The 
spans were G feet, 10 feet, and 12 feet. The G-foot spsin was 
composed of 2 couises of tihs n^aking a thickness of 2.V inches; 
the lO-fnot s[)an, (»f four coui-ses, giving 5 inches thickness; and 
the 12-foot span, of three courses, with a total thickness of 8| 
inches. All were leveled up with concrete.* Tlie 6-foot span 
carried 2,')00 Ihs. per s<[uare foot, and showed a maximum deflec- 
tion t»f .l-Miuh. 'I'lic lO-foot spau (Mrried 3, GOO lbs. per square 
fi»(>t, with a delleiti«'ii nf .]:♦ iiicji. The 12-fo*>t spancarrietl 3,125 
ll>s. per sjpian- f.><>t, wiih a nnxinuini defection oi .32 inch. 

This was a siMi[»le loading test witli »)o jpplication of fire and 
water. 

Tests of pornus tena mtta Imllou" tile arches have not been 
so numerous, es[»ecially uiid»T lire exposure. Table XIII ^ives 
the results of ,\ series nf tests to (l.-teniiine breaking loads of differ- 
ent aielies, and is t.ikrn from tiie •• rraiisaeti«ms " of the American 
Societv «»f Civil KnirinetT<, Xns. XXXIV and XXXV, of 1895 
and IsOG. 

In terra cotta ar«ln's as in e.»iirr<'te arches, iL^reat variations in 
stren<»'tli will n'sult fr«»:n va: viiii: di^j^rees of tlionuii'hness in con- 
struction. These arches sh<»ul..l always be set in cement and care- 
fullv kevetl, and the use nf broken l)l(Mks should be avoided. 
Settlement in anhrs nt' this ty[»e often results in cracks in tile or 
mosaic th)ors. 
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TABLE XIII. 
Loadt •! tMI*w TUa ArcbM. 
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In the aboTC tiible the folluwing abbrevialkm^ uic iim><1: "E" — end 
cunstructlon ; "fe" — bidit (.■uiiBtniotiuii ; "II '' — liaril c.Uy : "I'liriJUs" — 
porous terracotta; "Di»." — dliitributed load; 'Ton." — coiiceiitruted lua-" 
at center; "Port." — Portland ccmeni; "N.M." — iiu niurtar. 

The loads per Eiguare fuut in tbo nbuve table were iibtiiiiied by ilividln. 
the total load by tlie (iii|ierlli:iul ari/a iif ilie aroli In hijiiare feet. The hori 
EontallhruHtR were iibtaiued by the regular fonnulM'; furet'nlral loads thee 
are double the thrusts fur diBtribiiled luads of the same wei^'ht. 

SELECTION OF SYSlbH. 

Not any i>iiigl(^ system, pioUiljly, wmild lie usi'il in all cases 
even if the dpsigiier were to diouse wiflioiil iuiy cuiiilitions affect- 
ing liis seli-ctiun. Some systfiiin iire iuitiii;tlly l>elti'ia(l;ipUtl tliaii 
Dthers to certain conditiuns. Prm-liL-ally tlifii' iin- ulways a num- 
ber of considem lions affecting the i-lmicc. No atlenijit will be 
made bere to specify to what conditions cerliiin aysitms are letter 
iwbipted than others, as this is hitgfly a miith'r of jinlgiiicnt at the 
present time. The consideialinas iti gi'iu-ral, however, are as 
follows: 

Light orlieavy live loads ; deail weigiit of eonatnu-tioii, and con- 
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s<N)ueui spacing of beams and span of arches ; necessity of lateral 
siiffue^s^ in floor system ; possibility of using paneled ceiling, and 
consetjuent ino:^;ise of clear height story between beams ; necessity 
of flush ceili:ig« and comparative advanti^ge of solid floor system 
and furnnUlown ceiling ; prtUection afforded webs and flanges of 
beams aad gii>lei>i by different systems ; i)ossibility of omitting tie 
nvU and a ctTtain amount of steel in some systems ; corrosive 
effects i»n siecl under certain conditions ; rapidity of construction, 
and allowance for final setting of concrete under certain conditions 
of weather and of heavy loadings ; and comparative cost of differ- 
ent svstems. 

The weights of hollow-tile floor arches and fireproof materials, in 
pounds j»er square loot, are given in the following table : 



TABLE XIV. 

WeigliU of n«IUwTilc Floor Arches and Fireproof ftatorUft. 
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J'AHTITIONS. 
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r AitTiTiONa — (CoucI uded ). 




fl-iaeh Segmental Aicbet, S7 pouncl* p«r (quue foot. 
t inch Totout TerMrCotla Futltiaa, 8 poundi per tqnire toot 
The following table bIiowb the safe loads in pounds per square 
foot uniformly distributed for hollow-tilo floor arches. 
TABLE XV. 
Saf* Uada UaHaraity DIMrlbuUd for HoUowTH* Arches. 
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The formula for safe load ueod la 
follows : 



uding welgbtofarch. Safety factor.*, 
omputing tbe above table la as 



W ^ Sate load per square foot of arch in pounds. 
R = Rise or eflectlTe depth of arch In laches. 
L = Span «f arcb In feM. 
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In the following table are given, in j>ouncls per s(][uare foot, 
the weights of various materials used in floor and roof construction •• 

TABLE XVI. 
Weights of Materials in Floor and Roof Construction. 



SrnHTANCE 



Corrugated galvanized iron, Xo. 20 

Copper, 16-oz. — 8taudiug seam 

Glass, I iuch thick 

Cinder-concreto liliiugf 2-iuch, including screeds 

Plaster, on wood lulh (no furring) 

Plaster, on metal lath (no furring) 

Plaster ceilint;, suspended 

Roofing felt, 2 layers 

Slate, 4 iuch thick, 3 inches double lap 

Shingles, ^ to weather 

Gravel composition roof, 5 ply 

Tin, IX 

Tiles, 6} in. X lOJ in. — r)J in. to weather (plain) 

Tiles, lOJ in. X \i\ in. — 7', in. to weather (Spanish) 

Trusses — Spans under 50 feet 

Trusses — Spans 50 to 75 foet 

Trusses —Spans 75 to 100 feot 



WEKAOB WBIOBT IN 

POr.VDS 

PER Si^UAKK FOOT. 



2i 

M 

12 
6 to 8 

8 to 10 
15 to 20 

i 

I' 

9 to 11 

17 
9 

3ito4| 
4i to«l 
6i to 8 



PARTITIONS. 

Partitions are of terra cotta, wire lath and plaster, and plaster 
board. 

Illustrations of each aie givc-ii by Plate VI, Figs. 71 to 77. 
The element of strength docs not form a specially import;\nt con- 
sideration here, as the standard forms are all suitable. The liiglier 
the partition the thicker slionhl V)e the bh>cks or the lieavier the 
metal frame of tlie [)artition. Some of the forms are more sound- 
proof than others and probably more lireproof, but the Hse of any 
one is generally determined ])y architectural conditions. The terra 
cotta blocks come in standard sizes given by the table below, which 
also givt^s the dead weight per scpiare foot. The constructions 
around o[)enings in partitions, for the different types of partition^ 
are also shown bv the above-mentioned cuts. 

Partitions are never as rire[)roof as the floor system in abuild* 
ing. If a form of constiuction could be used which would prevent 
the spread of lire through [>arlilions, the modern oflice building 
would probably b(» in truth absolutely, instead of merely ia name^ 
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Plate VI 



Types of Fireproof Partition Construction 
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PLASTER COMPOSrrON BLOCK PARTITICXSI. 
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EXPANDED METAL PARTITION 
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CEMENT CC>P05ITION 

BLOCK PARTITION. 

fireproof. Tlie great cause of the weakness of fire resistance lies 
not in the partitions themselves so much as in llie fact tliat open- 
ings for doors, windows, flues, etc., havti to be made in them. Tlie 
arrangenn'ut in a great many buihlin^^s makes it necessary, in order 
to give light in the corridors, to hav(; a line of windows in the 
partitions l^etween them and the ollices. In addition there are the 
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doora into the corridora, and tlie doors and sometimes window 
partitions between offices. 

As stated under "Building Laws and Specifications," some 
cities require in buildings of a certain height the use o£ metal or of 
fireproof wood for all inside casings and finish, but in the majority 
of buildings these are not used. Sometimes, also, where plaster and 
wire lath partitions are used, the plaster does not extend to the fioor, 
and the b;iseboard has therefore no fireproof protection back of it. 

All these features indicate the real elements of weakne-ss in a 
fireproof partition, aud on the extent to which they can be elim- 
inated depends the utility of the partition as a fire barrier. As 
will be shown later under the paragraphs on tests, there are a 
number of forma of partition that can be used, which, if without 
openings and the other features mentioned alxjve, will form effec- 
tual biirriers. The extent to which fireproof wood aud metal overt 
come the difficulties wdl be discussed farther on. 

Tests of Partitions. Numerous Bre and water t«ets of 
partitions have been made by tlie New York Building Department. 
The partitions were of four general classes: — (1) plaster blocks; 
(2) blocks of cinder concrete; (3) wire lath plastered with King's 
Windsor cement ; (4) blocks of terra cotta. The partitions were 
2^ inches and 3 inches thick. All were eximaed to its nearly the 
same conditions as possible, which were : — a temperature gradually 
increasing from 500° to 1,700° during a period of one hour, and 
then a stream of wat«r applied for 2.^ minutes. Fire in no case 
passed. through any of the structures; but in the case of moat 
of the plaster block partitionu the blocks were calcined slightly in 
certain places, and the water had washed portions away to a. depth 
of ^ inch to IJ inches. 

The wire lath partitions did not show calcination, but showed 
to a greater or less extent the effect of the water in the washing 
away in simte of tlie browning coat and scratch coat, and, in some 
instances, in exposure of the lath or metal supjiorts. 

The cinderKJOu crate blocks showed no effect of either fire or 
water, except that the plaster on the blocks was stripped off. 

The terra cotta blocks stood much the same as the concrete, 
no effect appearing in the partitions themselves, but the plaster 
being stripped off. 
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The chief differences, therefore, seemed to appear in the capac- 
ities of the various types of partition to withstand the force of 
water. Those partitions having a harder and less porous structure 
stood much the best. 

From a consideration of the above tests, it will be seen that 
some forms of partition, under certain conditions of exposure in 
case of fire, will prove to be more difficult than others to repair, 
even though they may not entirely fail. Plaster, constituting the 
finish surface, could not be expected to stand, and does not in 
a severe fire; the expense, therefore, of this item in the repair 
would be essentially the same in all forms of partition. 

With some of the plaster board partitions in which the blocks 
were hollow, the calcination and the stream of water broke through 
the outer shell, leaving the cells exposed. In such cases it would 
probably be necessary to provide new blocks, as the old ones could 
not well be repaired. In the solid plaster board blocks the wear, 
if not more than | inch, could probably be repaired by hard plas- 
ter, so that, although not being as good as it was originally, the 
partition, in case of another fire, would still be considered reason- 
ably safe. 

The wire lath partitions cannot be considered fireproof until 
they are plastered. Here, accordingly, the plaster forms an essen- 
tial feature of the partition ; and in case of any considerable 
portion of this being destroyed and exposing the metal frame, the 
partition could be repaired by replastering, provided the metal 
frame had not been injured. 

The concrete blocks and the terra cotta blocks in the tests 
cited above were not injured by the fire and water test ; and so, if 
the results under actual conditions were always as favorable as in 
these artificial instances, the expense of repairing this form of par- 
tition would appear to be less than in the case of the other forms. 
It should be noted, however, that the partitions tested were with- 
out openings, and that openings in a partition weaken its latenil 
stability. While the block partitions were uninjured, they might 
not show so favorable results where openings occur, because of the 
attendant loss of lateral strength. In this respect it is probable 
that the plaster and wire lath partitions, and those plaster board 
partitions having metal stiffening, would not be any more liable to 
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failure with openings than without, beoause, as coDstmcted, the 
metal frame is secured at floor and ceiling^ and, where openings 
occur, the frame is also tied longitudinally. . 

Column Coverings. The particular* form of corering to be 
used is affected by the section of the column. In general, how- 
ever, this consists of terra cotta blocks, wire lath, and plaster, or 
a solid block of concrete or plaster. As before stated, the princi- 
pal source of failure in all forms of covering is their liability to 
crack off or be knocked off. The more nearly, therefore, the cov- 
ering can approach a monolith of substantial thickness, the better 
it will be. If it consists of blocks, these should be bonded or 
anchored so as to tie the whole together, and should be made 
with one and preferably two air spaces. -If of plaster on wire 
lath, it should be cement of sufficient thickness ; and if of conci^te, 
cast in place, it should f5rm a solid casing without joints and 
with an air space between it and the steel. In many cases, pipes 
are run in the column enclosui'e, so that in such instances the solid 
monolith is not practicable. 

Corrosion of Steel. An important feature in all concrete- 
steel systems is the effect of the concrete on the steel. Some 
authorities have held that, on account of its alkaline nature, the 
presence of Portland cement in concrete is sufficient to prevent 
any corrosion of the steel. Obsei'vations of actual structures, and 
tests specially conducted, 'have shown, however, that under cer- 
tain conditions steel will rust when imbedded in Portland cement 
concrete, while under certain other conditions it will not rust in 
such an environuieut. It hji8 Ixien held by some, for example, 
that this rusting will not occur unless sulphur is present in the 
concrete. 

Professor Norton of the Massachusetts Institute of Technology 
has conducted a series of tests to observe the conditions under 
which steel in concrete will corrode. A number of mixtures of 
concrete were used, consisting of standard brands of cement and 
of both cinders and stone. The cinders showed very little sulphur 
present, and the concretes were distinctly alkaline. The metal 
imbedded was in the fonn of steel rods, sheet steel, and expanded 
metal. The results showed that when neat cement was used no 
corrosion occurred. It was also demonstrated that when corro- 
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siou occurred in either the cinder or stone concrete, it was coinci- 
dent with cracks or voids in the concrete which allowed the 
moisture and carbon dioxide to penetrate. If the concrete was 
mixed wet, so as to form a watery cement coating over all the 
steel, this coating protected the metal even when cracks and voids 
were present. 

Pi-ofessor Norton announced the further conclusion that when 
rusting occurred in cinder concrete it was due to the iron oxide or 
rust in the cinders, which acted as a carrier of the moisture and 
carlx)n dioxide, and it was not due to the presence of 8ul[)hur. 
Also, that if cinder concrete was well rammed when wet, and was 
free from voids, it was about Jis effective as stone concrete in 
pi-eventing rust. 

His conclusion iis regards the part played by rust in it<At 
aiding the further corroding action by lussuming the role of carrier 
for the active agents, shows the importance of having the steel 
free from rust when it is imbedded in the concrete. 

The above observations and C(mclusions are of the utmost 
im[>ortance as establishing the conditions under whicli, in l>oth 
stone and cinder concretes, steel may reasonably tx? ex[)e(t(.*d not 
to corrode, and as showing clearly the precautions and methods 
that should be ol)served in such construction. 

Paints. Paints used for the protection of steel, consist, 
like all other paints, of a pigment and a vehiele. T\Ht pigments 
used are generally red lead, iron oxide, carbon, and giaphit(j. Tin? 
vehicle commonly used is linseed oil ; and generally this is boihjd 
oil, although raw oil is sometimes used. 

ObseiTations covering a period of about four years w(?re made; 
by Mr. Henry B. Seaman, Member of the American Society of 
Civil Engineers, on various kinds of paint exposed to iIkj locomo- 
tive smoke and gases on viaducts over the Manliattan Kh^vated 
Railroad in New York City. His report, published in thci N(;w 
York Evening Post^ concludes that carbon and graphite paints 
stand such exposure rather better than othei-s, and thc^ carhcm 
paints somewhat better than the graphite. None was entirely 
efficient. A deUiiled paper on paints for steel was pre[)arcd by Mr. 
Ct. M. Lilley, Associate Memlxir of the American Society of Civil 
Engineers, and was published n\ Engineeriti(j NeivSy April 21, 1902. 
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The value of p^nta as i^eiits in the prevention of rusting of 
steel depends much upon the conditions under which the painting 
is done, the quality of the paint, and the treatment of the metal 
after painting. 

Tlie experiinenta of Professor Norton, already mentioned, 
huve eiitablished that the essential thing in a coating of the steel 
which will not crack or peel off and ia non-porous, and that the 
steel must be clean. The fact that in many casea paint has been 
bpplied over a coating of rust, does not, of course, afford any reason 
for oondemning the use of paint because of ite failure in such cases 
to prevent further corrosion. 

If the paint can be applied in such a way as to fonn for the 
Htt-el a continuous coating that will not crack, or blister, or peel 
off, it will probably be a very effective preventative of rust. All 
pHints, however, are more or less porous, and to this extent 
inellicient. 

It is, however, the opinion of the autliorities who have given 
tills Buhject most study, that, while more expensive, a thin coating 
of I'oi-tliind cement applied continuously to a, clean surface of 
steel ia inoi-e effective than paint. 

The alkaline character of the cement neutralizes the carbon 
dioxide which may be present, or which may tend to filter through 
to tha steel. In this regaitl, therefore, it is probiible that a small 
degree of rust in the steel before it ia coated with cement would 
not be likely to cause further rust, as would be the case if the coat- 
ing were of ordinary paint, since the carbon dioxide present in the 
rust would bo neutralized by the cement. 

FIRE-RESISTING WOODS. 

There are several companies who have processes of treating 
wood to render it fire-reaisti[ig. These processes differ materially. 
None of them rend<;r8 the wood absolutely fireproof, and tests 
have conclusively established that all such treated woods will bum 
if subjected to sufficient heat for a considei-able time. Some 
authorities place this temperature limit at which ignition will 
occur, as low as 100° above the tem|)erature required to bum 
untreated wood. Other authorities claim that the period during 
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which wood will glow after it has been ignited and the flame 
removed, is as 1 to 10 for the treated and the untreated woods 
respectively. 

The process of treating woods is to impregnate them with 
certain chemicals which serve to retard the giving off of combus- 
tible gases by the wood under heat, and which also, under the 
action of heat, themselves give off certain other gases that serve 
to extinguish combustion when started. 

It has undoubtedly been demonstrated that treated wood will 
bum, and that the gases from it are combustible. It is, however, 
equally well established that treated wood will not ignite as readily 
as untreated wood ; that it i-equires a higher temperature to main- 
tain its combustion; and that when the source of heat is removed 
the wood will cease to glow more quickly than untreated wood. 

A material has recently been put on the market in England 
under the name of "Uralite," which, it is claimed, can be worked 
like wood ; and can be used largely in the same way, that is, either 
solid or as a veneer to form a fireproof covering. The basis of the 
material is asbestos mixed with whiting. The finished material is 
made of several thin layers felted together. For a description of 
this material, see Engineeringj August 15, 1902. 
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PART 11. 



BEAMS AND GIRDERS. 

Determination of Loads, The fii*st step in the calculation 
of a beam or girder is to determine the exact amount of load to be 
carried, and its distribution. Loads may be uniformly distributed 
or concentnited, or both in combination. The case of a simple 
door or roof beam usually involves only the calculation of the area 
carried and the load per square foot. The load per square foot 
is made up of two parts — namely, dead load, or the weight of the 
construction ; and live load, the superimposed load. The latter 
is generally specified by law, as noted previously under '* I5iiilding 
Laws and Specifications." 

The calculation of the de^d load has to be made in detail to fit 
each case. In the case of a floor beam this would consist of the 
arch between the beams, the steel beams and girdci-s, the iilling on 
top of the arch, the wood or other top flooring, the ceiling, and the 
partitions. These weights cannot be accurately determined until 
the spacing and size of beams are fixed; so their features have 
to be assumed at first. The process in general is ilhistrated by the 
following case : 

Assume a terra cottat arch 8 inches deep, beams spaced about 
6 feet center to center, 3 inches of filling and screeds on top of the 
arch, a J-inch hemlock under floor, and a IJ-inch oak top floor. 
The weights then are as follows : 

8-in. arch = 30 lbs. 



Steel = -^- = 3.6, or say — 4 

5 



it 



Filling = 


3X5 




; 


15 


«« 


{-In. floor 


= J X 2, say 







2 


it 


1| -in. top 


= 1.125 X 3.67, 


say 


^^^ 


4 


It 


Ceiling, (no furring) 




^^ 


7 


it 


Partition : 


__ 32 X 10 
6 


• 





64 


t( 



Total Dead Load 126 lbs. 
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The calculation of the dead weight per square foot of parti- 
tiona is madti up of the weight of blocks, if of terrti cotta, and 
of the plastering on both sides. If the struetui-e is of wire latli, 
the weight is tliat of the framing and plastering. These weights 
per square foot have already beeu giveo in the chapter on Fire- 
proofing, 

Only the height of the story is used, as the partition stops at 
the ceiling. In the above case it is assumed that the partition 
may go anywhere, and therefore, in some cases, may come directly 
over a beam, thus being entirely carried by it. If the partitions 
are in general located so ad to come between beams, and no pro- 
visiou is desued for other possible locations, the above partition 
load might be reduced one-half, as a partition would then be carried 
by two beams. Or if the partitions came only over giideis, the load 
might be omitted entirely in the calculation of the beams. 

In the above total dead load, it should be noted that the allow- 
ance for steel does not include the weight of girders. This of 
coulee should not be included for the beams. In the adculatiun 
of the girders the weight of the girder itself should be added. 

The calculation of dead load cannot be absolutely exact, any 
more than can the determination of the exact amount of live load 
that will have to be carried. It should always, however, be worked 
out in detail as above, so that as close an approximation as possible 
shall be made. 

Tables XIV and XVI, of Part I, and Table XVll, Part II, 
give the weights of different materials and forms of construc- 
tion, for use in determination of dead loads under different con- 
ditions. 

The floor arch is assumed to carry all its load vertically to the 
beams, and the load therefoi-e is the product of the area and the 
load carried per square foot. This neglect of thrust from the arch 
is on the safe side as regards the determination of amount of load 
ou the beam. 

Distribution of Loads. The load on a girder is generally 
concentrated at one or more points, and involves the calculation 
of the reactions from the beams. Girders therefore, as a general 
thing, are not calculated until after the beams. A girder may also 
iiave a uniform load from one side, or from a partition or wall. 
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TABLE XVU. 



Weickts of Vi 









AVEMAQM 




wnaHT isr 




WKIOHT flf 


8UB8TA9CB. 


POUHIM FKB 


SUB8TANCB. 


POUWDS psa 




CCMC FOOT. 


CUBIC FOOT. 


Aluminam 


1 1«2 Hickory 


53 


Asb 


38 to 47 1 Iron, cast 


460 


Asphaltum 


02 to lis I Iron, wrought 


480 


Brass (cast) 


490 to 626 I Lead, commercial 


710 


Brick 


100 to 150 : Limestone 


153 to 178 


Brickwork 


100 to 140 


Lime, quick 


96 


Cementt PortlaDd 


80 to 110 


Mahogany 


35 to 58 


Cement, Rosendale 


! 65 to 65 


Marble 


168 to 180 


Cherry 


42 


Masonry, granite or 




Chestnut 


41 


limestone, dressed 


166 


Clay, Potter's, dry 


112 to 143 


Masonry, granite or 




Clay, in dry lami>8 


65 


limestone, nibble 


164 


Coal — Anthracite 


52 to 60 


Masonry, granite or 




Coal — Bituminous 


47 to 62 


limestone, dry rubble 


138 


Coke 


23 to 32 


Masonry, sandstone ) 




Concrete — Stone and 




less than above 




Portland cement 


140 


Mortar, hardened 


87 to 112 


Concrete — Cinders an*! 




Oak, live 


60 


Portland cement 


06 


Oak, white 


47 


Copper, cast 


642 


Oak, red 


32 to 45 


Copper, rolled 


666 


Pine, white 


25 


Cypress 


64 


Pine, yellow Northern 


34 


Earth — Common loam, 




Pine, yellow Southern 


45 


dry and loose 


72 to 80 


Poplar 


29 


Earth — Common loam. 




Platinum 


1,342 


dry and rammed 


00 to 100 


Quartz 


165 


Earth — Common loam, 


• 


Sand 


90 to 130 


soft-flowing mud 


110 to 120 


Snow, freshly fallen 


5 to 12 


Elm 


35 


Snow, moist compacted 


16 to 60 


Gneiss, common 


168 


Slate 


175 


Gneiss, in loose piles 


96 


Spruce 


25 


(jk>ld, cast pure or 24 




Steel 


490 


karat 


1,204 


Sycamore 


37 


Gold, pure-hammered 


1,217 


Tar 


62 


Granite 


160 to 178 


Terra Cotta 


106 


Gravel 


90 to 130 


Terra Cotta masonry 


112 


Hemlock 


25 


Tin, cast 


459 



Note. Where weights of wood are given above they are for jiorfectly dry 
wood. Green timbers weigh from one-fifth to one-half more than dry, ordi- 
nary building timbers, one-sixth more than dry. 
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thus bringing sometimes verj' unsymmetrical loading. Openings 
also affect the distribution of loading on a beam or gfirder. 

Stairs should be figured as fully loaded with the assumed live 
load and the dead weight of their own construction, and as being 
supported by the girder on which they rest. In the case of very 
heavy live loads, as in warehouses, the customary live load in 
office buildings could be used in determining the load for stiiirs. 

If the framing plan is drawn accurately to scale, the position 
of concentrated^oads can be determined by scaling. In the case 
of slioit girdei"S with heiivy loads, however, a slight error in deter- 
mining the position of loads would appreciably affect the result; 
hence it is necessary to exercise caution in scaling the position, to 
avoid any chance of great variation from true measurement. 

Beams and girdeis canying elevator machinery should have 
the loads and their position determined with special care. To 
this end the layout of the company installing the machinery 
should always be used in final calculation. This layout gives the 
loads at the different points ; and therefore the exact position on 
the supporting beams, and the reaction on the girders, can be 
determined. As elevators are liable to cause a shock in sudden 
starting and stopping, it is customary to multiply the total load by 
two to allow for this shock. 

In the calculation (»f the girder the laws of some cities allow 
a reduction amounting to a c«utain percentage of the live load, on 
the assumption that the wh(»le area adjacent to a girder is not 
likely to b<» loaded to its maxinuun at the same time. ThLs, how- 
ever, should U(»t he done in warehouses, nor where on the other 
hand the assununl loads arc very light; and in any case it should 
he done with discretii'U. 

Lintels. The size and character of lintel beams depends (1) 
on load to he carried, ('2) on arrangenuMit of openings over beams. 
(.'{) on practical considerations of construction. 

If the wall is solid abnvc the opening for a height greater 
than the span of the opening, the masonry, if of brick, will arch to 
some extent and thus relieve the lintel of a portion of the load. 
Piactice varies in the j)roportioti of load assumed to he carried. 
It is good practices to consider the weight of a triangular section of 
wall, of height ecjual to the span, as carried by the lintel. If 
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there is only a small pier under the ends of such a lintel, however, 
this arch effect should not be considered, but the full load of 
masonry provided for. In very wide openings, also, the full load 
should be calculated on the lintel. The basis for assumption of 
arching effect is that brickwork can be corbeled out at an angle of 
about 60°, and support safely its own weight after final set in the 
cement has taken place. This assumption should not be made 
where the center of gravity of such mass of masonry will fall out- 
side the supporting base. The figures below will illustrate this 
principle. 

Another assumption sometimes made is, that the wall span- 
ning the opening is capable, as a beam, of carrying a certain por- 
tion of the load, and that the lintel need be calculated only for the 
additional weight. This is necessarily dependent on the tensile 
strength of the mortar joints, which, although being considerable 
in an old wall, would be very slight in a new wall ; and for new 
work, therefore, this assumption should not be made. 

The arrangement of openings 
above the lintels often makes it 
necessary to provide for the full 
load of wall, because this load is 
canied in the direct line of piers 
to the lintels. Such cases are 
illustrated by the figures below. 

The particular form of lintel 
will depend not only on the load, 
but on the way in which the metal 
must be distributed in order to 
carry the load. A very thick wall 
may necessitate a number of beams 
or other shapes to provide neces- 
sary width on which to lay the 
brickwork. If the stone or terra 
cotta facing has to be supported, 
this also necessitates special shapes 
to meet the requirements. More- 
over, if floor loads are to be carried, the size and shape will be 
largely fixed by this further condition. A lintel may, therefore, 
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consist of a number of difEerent shapes of different sizes. The 
problems below illustrate types of condition ordinarily met with. 

Beam Plates. Beams and girders carrjing ordinary loads, 
usually have plates under the ends resting on the walls, ia order 
properly to distribute tlie load on the masonry. 

The method of determining the proper size and thickness of 
such plates is as follows : 

In Fig. 78, I = dimensions of plate in inches transverse 
web of beam ; 
b' ^ dimension of plate in inches in direction of 

web of beam ; 
b ~ width of flange of beam. 

The plate should cause the load to be uniformly distributed on 
the masonry over its whole area. 

If R r= the reaction at wall end, 

then iT, ^^ the load per square inch on masonry. 

The portion of the plate not covered by the flange of beam 
in the condition of a beam fixed at one end and free at the other. 
The formula for the moment, therefore, is: 

p = j— ;,andL = -2- 

therefore M = J X ^ X ( ^- ) 

considering a strip 1 inch in direction of web of beam ; but from 
the formula for beams, 

M ^= '— ; if, tberefore, t = thickness of plate, 



s= J / 6 (^ ; then, since y ^ .^ 
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6M R (I— by 6 

therefore yj- = t* = | X jt^ X — ^— X j, since b = 1, 



3 R(l—by 

which reduces to t^ = -7 — \t 1 j* 

4: b' If 

For steel plates, /= 16,000 
For cast iron / = 2,500. 

The safe bearing on masonry has been specified in the chap- 
ter on Building Laws and Specifications. 

If two or more beams spaced close together were used, then b 
in the above formulsB would be the extreme distance between 
flanges of outside beams. 

Anchors* Beams resting on brick walls are anchored to 
these walls. Some of the more common forms of anchors are 
shown by Figs. 79 to 86. 

Separators. When two or more beams are used together to 
form a girder, they are bolted up with separators. These sepa- 
rators are either bolts running through spool shaped casting^ 
of the required length to fit between the webs of beams, or 
plate-shaped castings made to fit accurately the outlines of 
the beams and having width equal to the space between webs 
of beams. The object of these separators is two-fold; (1) to pre- 
vent lateral deflection of the beams under the loading ; (2) to dis- 
tribute the loads equally between the beams when the loads are 
not symmetrical on the two beams, and to cause the beams to de- 
flect equally. The latter function is by far the more important 
one, and for this purpose the second form of separator is the only 
one that should be used. Beams over 12 inches deep have, as a 
general thing, two horizontal lines of separators; beams under 12 
inches, one horizontal line. 

Figs. 87 to 89 illustrate the different types of separator. 

Cakulatlons. To find the actual fibre atreaa an a given beam 
iupparting known load$: 
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1. i.iHirili I'f sjKin iif Ikmiii, pi'iitcr to center. 

± Si/.'i.iHl uri-iu i„Tf....t,.riH.am. 

y. Tlio imiount iiiiil rlmniotiT of Wil on tlie beam. 
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Operations : 

1. Find from the tables in Cambria the moment of in- 
ertia of the beam. 

2. Figure the bending moment due to all the concentrated 
loads, and the uniform load in inch-pounds. 

8. Apply formula / = -^— . 
Substituting the values obtained above we find the value of/. 

NOTB. Since we know the size of beam, the value of y is one-half the 
depth of beam. 



(S' 







CAST IRON SPOOL SEPARATORS 

A more direct method would be to find the value of S (see 
Cambria) and dividing M by S which would give the required 
fibre stress. 



n 



2) 
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Hgaa 

STAUOAPD CAST IRON SEPARATOR WITH ONE! BOLT 

' To find what load^ uniformly distributed, will be carried by a 
given beam at a given fibre stress. 
Data required : 

1. Length of span, center of bearings. 

2, Allowed fibre stress. 

8. Size and weight per foot of beam. 
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Operations : 

1. Find from the tables the moment of inertia of the 
given beam. 

2. Find the value of the beam in bending-momenti 



inch-pounds, from the formula M = 



/I 



3. Find the value of the beam in bending-moment foot- 
pounds by dividing the result obtained under operation 2 by 12. 

4. Find the value of W in the formula 



W = 



8 M 
I • 



in which W = the total load in pounds uniformly distributed 
which the beam will support : 

M = the bending moment in foot-pounds ; and 
I := length of span in feet. 














STANDARD CA3T IRON SEPARATOR WTTH TWO BOLTS. 

7\) find the size of beam required to carry a system of known 
loads at a (jiveu fibre stress. 
Data re(iiiiivcl : 

1. Length of span, center to center. 

2. Allowable libre stress. 

3. The amount and character of load on the beam. 
Operations : 

1. Figure the bending moment in inch pounds due to 
all the concentrated loads, and the uniform load. 
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2. Divide the bending moment in inch pounds by the 
specified fibre stress, and the result will be the required section 
modulus, S. 

3. Select from Cambria a beam having the required 
value of S. 

Note. Due attention in selecting the beam must be given to lateral 
and vertical deflection as previously noted, or to a proper reduction of the 
specified fibre stress to allow for these considerations. 

PROBLEMS FOR PRACTICB. 

1. Given a 15-inch 60-lb. beam on a span, center to center 
of bearings, of 22 feet 6 inches. Required the safe load uniformly 
distributed at a fibre stress of 16,000 lbs. per square inch. 



[ 
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UNTELa TYPE A 

n^90 



Solve (a), by the methods given above ; 

(6), by use of coefficient of strength given in table of 

C 

Properties by the formula M = ■^. 

2. Find from the table of Safe Loads the total load which 
a 6-inch 12.25-lb. beam will carry on an effective span of 15 feet, 
without exceeding the limits of deflection for plastered ceiling; 
allowable fibre strain 16,000 lbs. per square inch. 
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What would be tiie safe load in die above prafalem if die 
aUowaUe fibre straia were 10,000 Ibe. per eqoaie ineh? 
In the following problema* sdlvoi 

(a) by use of tables of Safe Loads, and 

/I 
(5) by formula M = — , and use of taUe of Properties. 

8. Find the greatest safe load in pounds nnifonnly distrib- 
uted that will be sustained by a 10-inch 854b. I beam haTing a 
clear span of 10 feet 8 inches and an effective span of 11 feet 8 
inches, the allowed stress in extreme fibre being 12,500. 

4. The moment of the forces in 
foot-pounds acting on a beam of un- 
determined size is 108,000. What size 
of beam will be required if a stress of 
16,000 pounds per square inch is allowed 
in extreme fibre ? 

5. What load uniformly dis- 
tributed will a 15-inch 42-lb. I beam 
support per linear foot, if the span, cen- 
ter to center of bearings, is 10 feet 4 
inches, and the allowed stress in ex- 
treme fibre is 14,500 pounds per square 
inch ? 

(5. What weight of wall will a 
12-inch 31.r)-lb. I beam 18 feet long be- 
tween center of bearings carry, no 
transversi^ support for wall? Allow- 
able fibre strain, 16,000 lbs. per square 
inch. 

7 . An office building has columns 
spaced 15 feet on center in both direc- 
tions. Give in detail the estimates of dead load for the following 
constructions. Live load in eiich case 100 lbs. per square foot. 

(a) Uoams Hpaced 5 feet contei* to center, 8-inch terra cotta arch of end 
oouBtruction, 2-inch wood Bcroods and cinder concrete fllUng, {-inch under 
floor, and J-inch maple top lloor. 

(6) Same conditions, except 8-inch terra cotta arch of side constmction. 

(c) Same spacing of beams, with ozpanded-metal arch, type 8, 







u>frcLs TYPE a 



110 



STEEL CONSTRUCTION 103 

(d) Same conditions as above, but expanded-metal arch, type 3, with 
suspended ceiling. 

(e) Beams spaced 7 feet 6 inches center to center. Columbian system, 
type 2, stone concrete. 

Note. In all above cases, partitions are of 3-inch terra cotta blocks, 
and come only over girders. Clear story height = 10 feet. Give loads for 
both beams and girders. 

8. Required a lintel over opening shown by Fig. 92. 

Clear span 15 feet, wall 16 inches thick and 50 feet high. No 

floor or any load carried by wall. 

In this type of opening, the narrow piers or columns under the lintels 
make it necessary to figure the full load of wall, as otherwise the narrow 
base supporting the heavy overhanging mass of masonry would cause at the 
piers a thrust that would necessitate continuous tie rods. The full load, there- 
fore, would be 50 X 15 X 1.33 X 115 = 115,000 lbs. The effective span of lintel 
is 16 feet; the capacity of two 18-inch 55-lb. I beams for this span is 117,800 
lbs., and these would, therefore, be the required sections. 
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LINTEUS TYPE C 

Required the size of lintel of type B, Fig. 91. Span between 
centers of bearings, 7 feet. Wall 20 inches thick. Floor load 
200 lbs. per square foot. Columns spaced 15 feet from wall. 

In this case the piers at side of opening are sufficiently heavy for us to 
consider the wall over opening as arching, as shown by dotted lines. 

Floor load = 200 X 7.5 X 7 = 10,600 lbs. 

Wall load =7 X 3.5. X 1.67 X 116= 4,607 lbs. 

The full floor load should be provided for. The wall load is not a uniformly 
distributed load, and moment should be calculated by assuming load 
between center and end of girder as acting i the way from the center of the 
girder. 

M of floor 16ad= J X 200 X 7.5 X 7 X 7 X 12 = 110,200 inch-pounds. 

M of wall load = 7 X 3.5X1.67 X 115 

2 X 2.33X12= 65,500 »* " 

175,700 *' •* 
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The moment in foot-pounds of wall load Qaxk be obtained also by the use 
of the formula M = i- — , where p is the weight of a square foot of the masonry 

of the given thickness, and I the span. 

If the allowable fibre strain is 16,000, this gives a necessary section 
modulus of ll.O. 

Two 7-inch 9.75-lb. I beams have a total section modulus of 12.0, and 
would, therefore, be sufficient. 

NoTR. In this calculation the strength of the angle riveted to the chan- 
nel is not considered in the capacity of lintel. 

10. What size of beam will be required to span 19 feet cen- 
ter to center of bearings, and support a uniform load of 1,200 lbs. 
per linear foot, together with two concentrated loads of 5,000 
pounds each ? One concentrated load to be applied 7 feet from 
the left-hand support and the other 8 feet 9 inches from the left- 
hand support. The allowed fibre stress is 9,000 pounds per 
square inch. 

11. Find the actual stress in extreme fibre of a 12-inch 31.5- 
Ib. I beam spanning 12 feet 6 inches center to center of bearings, 
and supporting a uniformly distributed load of 23,500 pounds, and 
one concentrated load of 7,500 pounds placed 4 feet 9 inches from 
left-hand support. 

12. What will be the most economical arrangement of floor 
beams and girders for carrying a load of 175 pounds per square 
foot, including weight of floor? Assume floor to be of expanded 
metiil, fireproof construction, and beams spaced not to exceed 6 
feet. Under side of floor to curry a plastered ceiling. 

13. What size and weight of beam, 23 feet long in the clear 
l)etween walls, will be required to carry safely a uniformly dis- 
tributed load of 14 tons, including the weight of beam? 

14. What load uniformly distributed, including its own 
weight, will a 12-inch I beam, 31.5 pounds per foot, carry for a 
clear span of 23 feet inches, without deflecting sufliciently to 
endanger a plastered ceiling? Beams rest 12 inches on walls at 
each end. 

15. Calculate by use of Cambria book the moment of inertia 
about the neutral axis perpendicular to web at center of a 12-inch 
31.5-lb. beam. 

16. Given a girder loaded as follows: Effective span 28 
feet ; center load 4,000 lbs. ; and a load, 7 feet each side of cen- 
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ter, of 3,000 lbs. Required the size of beam Buch that the deflec- 
tion will Dot exceed plaster limits. 

17. Given a warehouse 180 feet by 80 feet inside of walla. 
Columns spaced 18 feet longitudinally and 16 feet transversely. 
Total load per square foot 300 lbs. Required the necessary sizes 
of beams and girders. 

18. In the above warehouse, what cbanges in spacing of 
columns longitudinally could be made to give more practicable 
secti<His of beams and girders, and what sizes could then be used? 

19. Given a girder loaded as shown by Fig. 93. Allowable 
fibre stress, 16,600 lbs. per square inch. Required : 

(a) The size of single beam girder. 

(() The size of single beam or channel to carry end of girder 
framing into lintel. 

(c) The size of double beam girder. 

((f) The size of double beam or channel lintel. 




20. Given a system of overhead beams for an elevator as 
shown by Fig. 94. Required the size of beams Nos. 1, 2 and 3. 
Make allowance for sliock iis previously stiitcd, and observe that 
when two beams are used together as a girder they must be of the 
same depth. Allowable fibre stress 15,000 lbs: per square inch. 

In all the above probleme, unless otherwise noted, use /^ 
1,600 pounds per square inch. 

COLUHNS. 

A column ordinarily lias to carry only vertical loads. There 
are conditions in which it has to resist lateral forces, but these will 
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be taken up under llie lieada of "High Buildings" and "Mill 
Buildings." 

Shapes Used. A column may be made of any of the struc- 
tural shiipes that are rolled, or of any combination of tbem which 
it is practicable to connect together. In practice, however, there 
are certain combinations which are commonly used to the exclu- 
sion of others. Beams, channels, angles, tees, and zees are all 
used singly at times, iis columns. The more common combination 
of shapes are shown in Plat« I of Part I, 
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The component parts of these columns will be evident in 
most cases, from an inspection of the figures. The white spaces 
between the black lines indicating the different shapes do not 
represent actual spaces; this is a conventional form to more clearly 
show the shapes of which the column is composed.. 

Fig. 5 is a two-angle and a four-angle column. Adjacent 
legs of the angles are riveted together as indicated. Sometimes 
plates are riveted between the angles to increase the area of the 
column or to make simple connections. 

Fig. 6 is a four-angle column to which the angles are connected 
by lattice bars, which come in the position shown by the light line, 
and run diagonally from side to side of the column for its entire 
length. 

In Fig. 7 a continuous plate is substituted for the lattice bars. 

Fig. 8 is a similar column in which one or more plates are 
added to the outstanding legs, on each side, to increase the area 
of the column. 

Fig. 9 represents a column composed of two channels con- 
nected by lattice bars, riveted to the flanges. 

In Fig. 10 continuous plates are substituted for the lattice bars. 

Fig. 11 is a column similar to Fig. 10, but shows plates 
riveted to the webs of the channels to stiffen them and to increase 
the area of the column ; these plates have to be riveted before the 
flange plates are put on. 

Fig. 12 is a column of similar shape, but instead of the 
channels, angles riveted to plates are used. This has the dis- 
advantage, common to Fig. 11, of four exti-a lines of rivets as com- 
pared with Fig. 10. A heavier section can be made, however, 
than would be possible with any of the channel sections, and a 
better riveted connection can be made through the flange angle 
than through the flanges of the channels. 

Fig. 13 is known as a " Grey column," and is a patented sec- 
tion. The unshaded lines between the angles represent tie plates 
which occur about 2 feet 6 inches apart from top to bottom, and 
serve to connect .the angles to each other. 

Figs. 14 and 15 are similar to Figs. 9 and 10, the channels 
being simply turned in instead of out ; this is of advantage some- 
times in makmg connections or when a plain face is desired. 
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Fig. 16 is called a ^ Larimer column," and is also a patented 
section. It consists of two I beams bent in the form shown and 
riveted together through a special shaped filler, shown unshaded. 
This column has the same advantage as the Grey column, that it 
gives a flange on all four sides to make connections with. Neither 
column is very generally used, however, and when used they are 
subject to a small royalty charge. 

Fig. 17 is a modification of Fig. 8, in which channels are 
used instead of plates. This gives more simple connections of 
beams, especially where the beams fi-ame eccentrically with regard 
to the axis of the column. This section also gives a larger radius 
of gyration, and litis many of the advantages of the Z-bar column 
shown by Fig. 23, although having four extra lines of rivets. 

Fig. 18 is a column having four Z bare connected by tie 
plates spaced about 3 feet apait, and which are indicated by the 
unshaded lines. 

Fig. 19 is similar except a continuous plate is substituted for 
the interior tie plates. 

Fig. 20 is a section intended to give the form of Fig. 17. 
The rivets through the beam flanges are objectionable, however, 
except for light loads and short lengths. 

Fig. 21 is a modification of Fig. 19, in order to increase the area. 

Fig. 22 is a niodifi(!atiou of the usual form of Z-bar column 
shown by Fig. 23. This gives increased area and a greater spread 
between the outstanding flanges of the Z bars, which is of advantage 
sonieliines in niakiiiLif connections. 

Fig. 23 is the very generally used Z-bar colunni. This 
se'cLion has its metal sj) distributed as to give a high radius of 
gyialion, and its sliape makes coiniections simple. Z bai"s cost 
about j'^ of a cent [)er pound more than other shapes, and it is not 
possibh', generally, to gt't so [)romi)t delivery. 

Fig. 24 shows thi^ usual melliod of increiusing the area of a Z- 
bar column by adding plates to the; flanges. 

Effect of Connections. In order to design a column intelli- 
gently, it is necessary to know in every case how the menilnMS 
that ar(^ to ciwvy th(? load to th(» column are to be connected to it. 
Tvp<»s of coiniection are illustrated by Plates VII and VIII, Fig<. 
95 to 105. 
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There is hardly ever a case in wbicli the loads on a column 
can be exactly balanced so -that the center of gravity of the loads 
will coincide with the axis of the coluinn. Fi-actically, also, the 
beams on one side may i-eceive their full loitd while those on the 
other side are only partially loaded. The effects of eccentricity 




of loading are veiy apparent in tests of the carrying capacity of 
columns; and, where pnicticuble, a column section should be 
chosen which will admit of connections bringing the loads iis near 
to the axis of column as ix>s8ihle. If the l>Oiuiis fniine symmrtric- 
ally about the axis of the column and iire almost ixjnally loaded, it 
is not generally necessary, in calculation, to consider the effect of 
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eoceDtricitj. In oiei, howerer, sack as beqnently ooeor in ocm- 
nectkmi of spsndiel beams and wall giideia to ooinmna, tibia eeoen* 
tridtf should be consideied in the ralrnlationSi 

To facilitate the etection, conneetiona of beama to oolmaiis 
should always be bj a shelf having the proper shear anglea nnder, 
rather than by side connections. Another advantage in liiia lonn 
of connection is that the deflection of the beam doea not cause 
so'mach bending stress in the colamn. As will be seen 6om Fig. 
106, if a deep beam or girder were connected by angles in the 
web, a deflection in the beam would cause the top to tend to puD 
away from the column ; and, if the beam were held rigidly by side 
angles, consideraUe bending stress in the column would result 

Sdectioo of Sections* The particular form of column section 
will vary with the conditions. 

1. The first consideration is usually the amount of load; 
certain forms cannot be used without excess of metal if the loads 
are light; and conversely, certain other forma cannot be used 
economically if the loads are very heavy. 

2. The next poiat to be considered is the way the beams 
come to the column. If the framing is symmetrical and on four 
sides, any of the sections could be used ; in such a case, however, 
it would be simpler to avoid single or double angles for use as 
columns. 

If the connections are eccentric, then a section stronger in 
the direction of eccentricity should be chosen, and one that will 
admit of easy connections. If a heavy girder comes in on top of a 
column, then the metal must be specially arranged to meet this 
condition. The consideration of these points will be taken up 
and illustrated in detail under the head of " Connections.'^ 

3. In the case of wall columns, the architectural details, — 
such as size of pier, relation to ashlar line, thickness of walls, etc., 
— by limiting the dimensions of column, generally affect the choice 
of form of section. 

4. Other architectural conditions, such as, shape and size of 
finished column, relations to partitions, provision for passage of 
pipes, wires, etc., have to be considered in the general choice, as 
it Is desirable to adopt the same t^^e throughout even if the linii- 
tations affect only certain columns. 
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5. The condition of the steel market as regards delivery 
of certain shapes within the required time, is always a factor. 
A delay of several months may sometimes be saved by proper con- 
sideration of this point. 

Calculation of Sections. The type of column having been 
decided on, the calculation of sections is the next step. 

The effect of connections is as important in the case of cast-iron 
colunms, as in that of steel columns, and typical details are shown 
in Pktes X and XI, Figs. 108 to 111. 

Plate XII, Fig. 112, shows a cast-iron ribbed base designed 
for a square column similar to that shown by Fig. 110. 

Fig. 113 shows a cast-iron base designed for a steel column, 
the section of which is indicated by the hatched lines. An impor- 
tant feature of all cases of this type is to have the metal arranged 
so as to conform to the metal of the column that rests upon it. 

A good many designers give a slight pitch downward to the 
brackets forming the seats of beams. This is of advantage in 
avoiding the tendency, which would otherwise occur, of the beam 
to bear most heavily on the other edge when deflection under load- 
ing takes place. 

There are several types of column formulae in general use; 
and, as noted under " Building Laws and Specifications," there is 
a variation in the legal requirements of diflFerent cities in this 
respect. 

Gordon's formula is perhaps the oldest and most generally 
used. This is as follows : 

. 12500 

^ - 1+72 



ar^ 



where/ = safe fibre strain reduced for length and radius of 
gyration ; 

I = unsupported length, in inches ; 

r = radius of gyration, in inches ; 

a z= a constant, of the values below : 

= 36,000 for square bearing ; 

= 24,000 for pin and square bearing •, 

= 18,000 for pin bearing. 
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The formula used by the Carnegie Steel Company for the 
calculation of capacity of Z-bar and box-section columns is as 
follows : 

/ = 12,000 for lengths of 90 times the radius of 
gyration. 

- f = 17,100 — 57 — for lengths greater than above. 

r 

Cooper's formula is as follows : 

/• = 10,000 — ssL. 

r . 

This fonnuhi, while simihir in form to the one used by the 
Carnegie Company for lengths above 90 radii, is applied by Cooper 
to all lengths. 

The American Bridge Company use the following formula 
for all lengths : 

. 17,000 



Z2 

1 + 



11,000 r2 



The results given by these formulro vary considerably, the 
variation increasin^r under certain conditions of length and of radius 
of gyration, and heincf greater with large values in ratio of length 
to radius of gyration. 

The student should work out the areas of column required 

by these formula^ for different values of — , to become familiar 

r 

with their ditVerences. 

Columns. Diagrams, and Tables. The most useful diagram 
for the calculation of capacity of columns and of required areas 
under I'onceiitric loading is one wliicli gives the allowable unit- 
stress according to the fornuila to In* used. Such a diagram would 
be made by laying off v(;rtical ordi nates representing different 
values of radius of gyration, and horizontal ordinates representing 
length of column in feet. On this diagram curves could be 
plotted, corresponding to a number of formulae. 
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In |nedce this diagram woold be nwd as follows : 
a cutain section which the judgmeDt of the deugner indicates ai 
apfiroximatelv conecL Calculate tfafl radii of gyration, and, this 
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having been done, tlie allowable fibre stmin, for the least ratio 
of length and radius of gyration can be token from the diagram. 
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If the area as detennined by this allowable fibre strain varies 
materially from that of the assumed section, a new assumption 
must be made and the process repeated. 

Problem. Plot on cross section paper which is divided into 
spaces ^^ inch square, a column diagram as described above, and 
draw curves' for each of the formulae given ; ordinates to provide 
for radius of gyration from inches to 8 inches, and of length 
in feet from feet to 60 feet. The scale to be ^ in. = 1 ft., and 
-^^ in. =z 1 in. radius. 

Tables or diagrams are also made of the safe capacity of dif- 
ferent column sections for varying lengths, as, for instance, those 
given for Z-bar columns and for channel and plate colunms. Sim- 
ilar data could be prepared for other types of column ; but unless 
the designer were working under one column formula constantly, 
sucli tables, in order to be useful, would need to be made applica- 
ble to all formula}, and would, therefore, involve considerable time 
in their preparation. 

The column loads should be tabulated with the sections of 
columns as illustrated by Plate IX, Fig. 107. These loads are 
the reactions from the different beams framing into them. 

Practical Considerations. In general it is the practice to 
vary the section of column only at every other floor. The reason 
for this is that the saving in number of pieces to handle and 
to erect, and in splices, and the gain in time of delivery, more than 
offset the extra metal added in one story. 

In some cases, also, it is advisable to adopt a uniform dimen- 
sion column so as to avoid changes in length of beam from stoiy 
to story that would be necessitated by even slight changes in size 
of column. In special cases many other {)ractical points are likely 
to arise, which, by affecting rapidity of preparation of drawings, 
or of shop work, or of erection, may make it advisable to adopt 
certain forms, or may affect the theoretically economical section. 
The successful designer is the one who can foresee all these con- 
siderations and properly weigh their effect. 

Cast-iron Coiumns. Where the conditions are such as 
to require a rigid frame, and consec^uent stiffness in joints and 
connections, it is not advisable to use cast-iron columns, because 
connections to such colunms must always be by means of bolts. 
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which are apt to work loose and which never fit the holes perfectly. 
Fuitherinore, cast-iron columns are ill adapted to resist lateral 
deflection. Their use, therefore, should be confined to buildings 
of moderate height and in which the walls themselves furnish all 
necessary stiffness. 

In order to use the formulaj for strength of cast-iron columns, 
given in Table 10 of Part I, the ends must be turned true. If 
this is not done not more than one-half their values should be 
used. 

Concrete and Steel Columns. Considerable attention has 
been given of late to the strength of steel and conci-ete columns. 
Some systems have already been proposed, in which columns com- 
posed of rods imbedded in concrete are used. Such construction 
has been used to some extent for chimneys, and in a few build- 
in<^. It is also suggested that in certain classes of buildings, 
notably mills and manufactories, the steel members now quite 
connnonly employed for columns could be encased in a solid and 
sul)stantial envelope of concrete, and that this casing not only 
would have the advantage of fireproof protection, but, by the added 
stiffness afforded the columns, would enable higher fibre strains to 
be used in the design of the steel members, and would thus result 
in hetter and cheaper construction. 

PROBLEMS. 

1 . l)et(Mniin(^ by use of the column diagram described in the 
in'ohleni ahovt', tlic piojxM" section of plate and four-angle column 
to carry a gii'(h'r over the top, bringing to the column a load 
of 100 tons. Tusupportcd length of colunni 18 feet. Use Gor- 
don's I'oi-niula. 

2. In tin* above prol)lcin substitute for a plate and angle 
colunni a box cohnnn composi^l of channels and side plates, and 
(hjterniine proj)cr section by use of Carnegie formula and American 
Hridtj^c Company formula. 

^, (liven a column built into a IG-inch brick pier and loaded 
with 12") tons. Rc(|uire(l the proper s(H;tion of plate and angle 
colunni, assuming column to be stiffened by wall in direction of 
wall. Length 10 feet. I 'so (iordon's formula. 



128 



STEEL CONSTRUCTION 



121 



4. Given a column loaded as shown by Fig. 114. Deter- 
mine proper section of plate and angle column, using Gordon's 
formula. 






Fig 114 



Fiq. 115, 



5. Given the same column Jis above, but with the axis of 
column at right angles to previous position, as shown by Fig. 11"). 
Determine required seetion of cohnnn usin<^^ channels eitlier latticecl 
or with side plates. Use (iordon's forninhi. 



120 



122 STEEL CONSTRUCTION 

TRUSSES. 

For spans under 35 feet, a riveted or beam girder is ordinarily 
more economical than a truss, unless the conditions of loading are 
peculiar. 

Selection of Type. The type of truss selected depends gen- 
erally upon (1) span, (2) pitch of i-oof, (3) covering of roof, (4) 
available depth, (6) load to be carried. 

All tlie above considerations affect jointly the choice of type; 
no single type would be used under certain lengths of span, for 
instance, with different combinations of the other conditions. A 
short si)an and flat roof might lead to a lattice truss, but if the 
roof had a steep pitch another type would be used. 

The covering of the roof affects the position and number of 
panel points, and therefore the type. If the planks rest directly 
on the top chord of trusses, then the panels can be arranged as 
may be most economical. If the roof is of corrugated iron, the 
size of sheets will limit the spacing of purlins, and, as these should 
come at the panel points, this will determine the numl)er of panels. 

Tlie position of a monitor or skylight would also largely deter- 
mine the number of panels. 

If tlie d(»i)tli is limited, then certain typos cannot economi- 
cally bi^ used. If there is a ceiling or shafting to be carried, or 
any other conditions making a horizon till bottom chord essential, 
then this must be provided. 

In almost all cases, therefore, there are certain conditions that 
(Ictcrniine arbitrarily certain features of the truss, and these indi- 
rectly lix the tvpc that should be used. 

On pawn's 1 01) and llO are given types in general use, aiid a 
consi(h'raii(>n of the points n(»icd above will illustrate their aj)pli- 
cation to these types. 

Bracin$>:. An important feature in all trussed roofs is the 
bracini:^. Trusses caimot be economically designed without sup- 
j)orti!i^ at intervals the t^?p chord against lateral deflection. As 
was noted in the case ol' beams, the allowable fibre stress must be 
reduce(l with thc^ ratio of length to radius of gyration. 

This support is given by tiie plank if din^ctly attiiched to the 
truss, or by i)urlins. Such {)urlins should l>e eiliciently connected 
to the truss. If the conditions of framing are such that the regu- 
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lar constraction does not hold the truss, then special steel bracing 
must be used. In the case of very large roofs, special steel brac- 
ing should always be used, as there would not be sufficient stiff- 
ness in the connections of purlins to properly brace the trusses. 

Such bracing is generally of the kind known as X bracing 
alternate jmnels of adjacent trusses being connected by angles or 
rods. Not every bay is braced, but every other bay, or a less 
number, depending on conditions. 

Considerations Affecting Design of Trusses. Light trusses 
are subject to distortion in shipping, handling and erection. To 
guard against such distortion it is sometimes important, tlierefore, 
to provide more than the strength calculated for vertical loads 
when the truss is in position. 

In designing a roof, certain features that affect the weight of 
a truss can often readily be avoided. Some of these are indicated 
as follows : 

JjOUfT web mombers should be arranged so that the stress will be ten- 
sioD, not compression. 

It is not economical to use a double system of web members, such as a 
lattice truss, except in the case of liglit loads and shallow depth. 

No web members should be provided that do uot take direct load or are 
not needed for support of the chords. 

Concentrated loads, such as purlins, or hangers, etc., should, if possi- 
ble, come at panel points, as otherwise the bending stress in the chords 
increases materially the weight of truss. 

The roof plank resting directly on the top chonl of truss increases the 
weight of truss, but the saving in purlins sometimes oITsets this. 

The spacing of trussed should, if possible, be such as will develop the 
full strength of the members of the truss. In some cases the conditions aro 
such that the lightest sections which it is practicable to use are not strained 
nearly to their capacity. 

Practical Considerations. Trusses are generally rir eted up 
complete in shop and shipped whole, unless it is impracticiible to 
do so. Not only is riveting in tlie field ex[)eiisive, but the rivets 
are not so strong, being generally hand-driven instead of power- 
driven. 

In some cases it is not practicable to rivet the trusses com- 
plete, on account of their size. If they are to he shipped by rail- 
road, it is always necessary to be sure that they do not exceed the 
limits of clearance necessaiy along the route they have to traverse. 
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These limits have to be obtained in each special case, as the clear- 
ances of bridges and heights of cars vary. This consideration 
sometimes makes it necessary to ship all the parts separately and 
to rivet in the field, or to make one or more splices of the truss as 
a whole. The weight of trusses, with regard to the rigging avail- 
able for handling and tmnsporting them, has also to be considered. 

During the process of erection it should be remembered that 
in the design of the truss the lateral bracing of the completed 
structure is generally figured on, and until the structure is com^ 
plete, ample tempomry bracing should be provided. Many fail- 
ures of roofs arc due to neglect of tliis precaution. 

Determination of Loads. The loads for which a roof truss 
should be figured are: the dead weight of all materials; an 
assumed snow load, varying with the latitude and slope of roof ; a 
wind load, varying with the ^lope of roof; a ceiling load, if there 
is to be any ; and such other special loads as may occur in particu- 
lar cases. 

Snow varies from 12 to 50 pounds per square foot of roof, 
according to tlie degree of moisture or ice in it. On a flat roof an 
avenige allowance for snow is 30 lbs. per square foot of roof. A 
roof sloping at an angle of 60® to tlie horizontal would not gener- 
ally need to bo figured for snow, unless there were snow guards to 
keep the snow from sliding off. 

The wind is assumed to blow horizontiilly, and the resulting 
liorizontal pressure is generuUy taken at 40 lbs. per square foot. 
The norniiil pressure with different slopes on this basis is indicated 
in the following table : 

TABLE XVIII. 

Roof Pressures. 

In poiiiuls per square f<^ot, for an aasumed horizontal wind pretsure of 40 lbs. per 
square foot. 



Angle of Roof with norizontal 

Pressure Normal t'» Surface of 
Koof 



Pressure on Horizontal Phine 
Pressure on Vertical Plaiu- 



5° 



,0 1 »>no 



10° 1 20 



:]0° : 40° 50* 



5.0 : O.f. ;i8.0 20.4; 33.2 38.0 



60** 
40.0 



4.n \).i\ lO.H 22.s;26.0 24.4:20.0 

I I I ' ' I 
0.1 ; i.r, o.o'i.'i.^ 21.2 21).2 34.0 
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In the calculation of the maximum strain, the combinations 
of dead load, snow load, and live load should be considered. It is 
not necessary, however, to consider the wind and snow acting on 
the same side at the same time as a wind giving the assumed pres- 
sure would blow all the snow off this side. Wind on one side and 
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snow on tlie other side, or snow on both sides, generally give the 
maximum live-load strains. 

The total dead and live loads sliould not be taken as less than 
60 lbs. per square foot, and, in general, the conditions render allow- 
ance for a greater total load necessary. 

The design of trusses will be taken up in tlie course on 
Theory and Design. 
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CONNECTIONS AND DETAILS OF FRAHINQ. 

Figs. 121 to 12(5 show types of connections of beams to girders 
and columns. Connections to girders are nearly always of these 
stiindard forms, which are the Caniegie standiirds. In certain cases, 
individual shoi)8have forms that vary slightly from these, but not to 
any fjreat dejjree. It is essential to use the standard form wherever 
possible because these connection angles are always kept in stock, 
and th(^ shop work of laying out and punching tlie material is 
thorel)y much simplilied. Conditions of framing sometimes arise 
requiring special connections, but the.se should always be avoided 
if possible. In tlie sur^dler shops, an extra charge is generally 
made for coping beams so that where practicable, without increas- 
ing the cost of other portions of the work, it is better to frame 
beams far enough below girdera to avoid this coping. The larger 
sho[)s, however, are so equipped that this coping does not involve 
an extra operation, and a beam that must 1x3 cut to exact lengtli, 
and lias framing angles, can be coped without extra charge. 

Connections of 1 warns to columns where they frame centrally 
with the colunnis an; of tlie general tyi)e shown by Figs. 95 to lOo. 
'I'he (?xact size of anj^h's varies somewhat with the column section, 
bccausi* tlie rivclinijf in the framin*' ancrles must conform to the 
spacing nMiuircd for j)nnching the membei'S of the column. If the 
i>canis frame into tlic column (H.'centrically, no standard forms can 
be followcil, but each case must be treated individually. Plate 
anrl box girders fiaininL;' into other girders are genendly connected 
by anglt»s rivc^ted to the webs, because ordinarily the depths of the 
;.,^ir(leis will not allow shelf angles underneath. Where sucli 
girdcM's frame to c()luimis, however, it is better to use shelf angles 
with stitVener angles, or slHMr angles as they are generally called, 
because? this facilitates the erection by providing a seat upon which 
the girders can rest when swung into }>osition, and also l>ecause 
side connections \\»)ul(l cause bending stress(»s in the column, as 
noted on pJige 1 \'l. 

Column Caps, Bases and Splices. Where heavy girdei*s or a 
nunilH^r of beams come over the t(»p of a cohunn, the eohunn 
section should be made u{) of such slia[>es and of such size that the 
metal of the column comes ;is nearly as possibh? under the metal 
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of tho beniTUj or giiiiertj. If tlio girder hiis atiEFener angles over 
tlie leuring, as it getienilly docs, shciir angles should be put in Uie 
column directly underneath. The webs aud stiffener angles of 
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in some cases would be diflicult to arrange and always expensive. 
The general practice is to have the top of tlie section below and the 
bottom of the section above the joint planed to a true surface so 
that there will be a perfect bearing between them. If this is done, 
the load is transmitted from section to section by direct compres- 
sion just as iu the body of tlie column. However, the splice 
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Fig. 128. 



Fig. 129. 



should be designed to give the column the full strengtli of the 
uncut section as regards stiffness against lateral deflection. As 
the splice is near the floor beam connections, where the column is 
braced laterally, this can generally be easily accomplished. Types 
of column splices are shown by Figs. 128 and 129. 

Fig. 130 illustrates a connection to column of a beam located 
eccentrically with regard to the coluiini. 

Such connections require an extra number of rivets in iiddition 
to those required for the direct load in order to resist the tendency 
to rotation due to the eccentricity. 

Some of the special types of framing which occur are shown 
by Figs. 131 to 140. 

Where a beam comes below another beam, as shown in Figs. 
131 and 132, a connection su(;h as shown can be used. If the 
load coming on the hanger is such iis to reciuire something stronger 
than a channel, a simpler connecticm will result by using two 
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(.-liaiiufis siirwiil fur cin'iigh fur the c-otiiiectioii plate ti> be riveted 
Iwiwceii, as shown by Kiff. l-i'2, instead of a l)eiim. 

A tbrct-lieiim jjinler fiwiied to nnutber beam is shown in Fig. 
1:^:^. The iiisitle twain i-aii have angl<^ on each Kule of the web. 
Tliii« beam nuuit Ik- placed before Uie outeide beams in order to 
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Fig. 135. 
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Fig. 136 shows the connection of a beam framing partly 
below and above another beam where the lower flange has to be 
cut. In such cases the angles which ai*e riveted to the web for a 
bearing should extend back on the web beyond the cut for a dis- 
tance sufficient to get as many rivets in as are required for carry- 
ing the end shear. Therefore in this connection there should be 
at least twice the number of rivets required to carry the end 
reaction. 

Figs. 137 and 138 show minimum spacings of beams in order 
that connections may not interfere. 

Fig. 140 shows a beam framing on a skew to another beam. 
If this bevel from the peipendicular is more than one inch per 
foot, bent plates should be used rather than angles. 

Eccentric connections differ in form witli the special condi- 
tions of each case but they should be so arranged as to distribute 
the load, so far as possible, over the whole area of tlie column 
section and not entirely on one side. 

The foregoing remarks apply also to the design of cast-iron 
web bases, such as is shown by Figs. 112 and 113. The box of 
the biise should have its metal made to conform in position to the 
metid of the column and tlie ribs and base plate should be made 
of sufficient thickness to form a base stiff enough to distribute 
the colunm load uniformly without failure. The tendency in 
such bases is to split along the line of the central box or across 
one comer, and the ribs serve to brace the lower plate and resist 
this tendency. The same tendency would exist in the case of a 
steel plate riveted to the base of the column and the various 
shear plates and angles used in such cases are for the purposes of 
stiffening the plate sufficiently to enable it to distribute the load 
without failure. The design of such steel and cast-iron bases 
will be taken up later. 

Roof Details. Some of the forms of framing met with in 
roofs are illustrated by Figs. 141 to 143. If the roof is framed 
entirely with beams for the purlins and rafters, more simple con- 
struction will result if the webs are all placed vertical rather than 
formal to the plane of the roof. The two forms of connections 
are illustrated by Figs. 144 and 145. Where the rafters or purlins 
run over the tops of trusses, however, they are frequently normal 
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to I..K i\iipj& vf ih^ r^'f ami in soch cases the connections are 
^cerilij ^Laiil-.T ch.i:i where the members frame together. 
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Relation to Other Work. It is generally necessiiry to 
exercise care in all special connections not to interfere with the 
architectural features, and to keep the conneiLions within the limits 
fixed by such featurei?. Full-size sections and details should 
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generally be worked out, which will determine the exact relation 
of all portions of the framing to adjacent construction. Sect 
details should be followed in common by the structural draftsman 
and the draftsman laying out the stonework or interior fiiiisli or 
other adjacent work. 
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InspectiAn. Steel and iron members are inspected in the 
mill, the shop, and on the job. As referred to in the section on 
apecifi cations, the stock from which the material is lulled is 
systematically tested to determine whether or not it comes up to 
the requirement of the standard specifications. When it goes 
into the shop a different kind of inspection is re(|Hired. First it is 
necessary to see that the drawings are accurately followed hotli as 
regards details and sizes of mcmljera and as regards nieiisureriicnts. 
The rivets and holes must be accurately spaced and the work 
pro|>erly assemltled, for if carelessness in sucli detJiils goes 
unnoted the different members will not go together wlien bronglit 
to the job and the whole piece may therefore have to l)e discarded. 
Secondly, the inspection must cover the quality of the work. 
This latter divJMion applies almost exclusively to riveted work. 
Some of the import;uit points to lie noted are the following: 
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T>* -iieni':t*r^ nis;: r^ strilctit xa«l free from twists and bends. 
?"in:.. JLc "^i":i^c :•* i.-j^- i-d tTZ-i diid holes must not be more 
■L1..-1 .'^ -J 1 liT-^r 1I.1.1 :.-nr *likmeter of riTei. Holes must not 
":*r --r: v -^ ri,^:^^: '*i",:»r^ AiZcr punching. Where necessary to 

j--^: L :--:u--j 1: !:«:Le :r •^ii«rr>r r»firiinrd bv the drawings, holes 

?L-zi tf:^ "r'lfr- ' :■: i^L: -..•cottier to lie riveted up must have 
:" - .:• r> Ji z -r Lfr:'T:i: -. : -^.e^ exactly opposite so as not to 
: • . :r_:: z^ ::: :r:-r :. ': ::n^ thirm loirether. When driven, 
' - - : -: -" =.;".T:rrl - 1.1 :L-: h le:>, and must be of sach length 
: :. • . .. :i- r _t •... :> : r^n-i t'.e vk-ces will be brought together 
Ml. .fr - ::<s"i:^. :V/ : ':.ryfc,.U nm>i c'^r oncentric Anth the axis of 
:l'.r r.~r:. • * ;\::l::i e:. L> or ci-.tt surt^ioes specified to be facetl 
:: :s: .«-. ": v.j.i: :• .•- trie surfiui* exaody at right angles with 
: - .*\> : :l.r :L:-z:~«r:. All rr-rti >ns of the matericd not accessi- 
.::r : .v^sr-jiM-i.c ::.:>: I'rr r^iUi-tcil Wfore being assembled. 

I:. ■:->y«r-.::: ,: .%<: i:::!. t«?t5ts must be nuide to determine 
w'r:. .: r : ;: :: c^::. > uv^ :o the nrquirements of the specifiea- 
:: :> < r>rc*^U .v.aL::v. Ir.si^-ciibu must also be made to see if 
: -:• :.. -r.rr...l :> ::-v fr ::: rhi-ivs such as blow holes, pockets of 
s :• i. V. : -.1 v.-:? ::: :i if metal. Whore the thickness 
: : ' ' - . •- : y .,< :;. :l.e ^ase of columns, small holes 
... : 1 : ■:..-.::-. \\* .-:- o lumiis are cast in a liori- 
7 : •.. :■ > :. :., .- * ■ . ^--!:v: ...v an-, the teniKncv i^ for the core 
:■• - i^' :. :..'• :.: .. ..:. I :':.*■:- tr.^r it is better to make this test 
1.' ii t :.' .:::■. .\ <:. » :• l-'.-w i-i a haninuT will often indicate 
11:.'':.; . i.^'r.' .:: :. i*: n.- : ... A '.tar metallic rinfj indicates a 
tiii:. ^':. .. a:.'l .. *\\\\ l:"i\v <.v,iii«i a thiokiiess of the shell. If 
tlu' O'UfS a:-- ^:: : k: .v::-, ;t l..i:n!iier and pieces fly off under the 
bi«»\v tl.is in.iir.i:r> .1 liirt.i- trxiure: a gtual quality iron should 
show only a >li_:iit iii«l. :ii;ti:.n. Cast iron should be inspected 
als«» ft a* stiaiLrhrp.'--^, :u-v.nMienr>s of facinix of Ix^aring surfaces, 
anl ai:r»'rnirnt \\i:h (li-ialls. It i< Wtter to ins[)ect cast iron 
lM*f«»rtf it is jiainied in nnlor to the more easily discover flaws. 

Relation of En^^ineer to Architect. An essential feature t<» 
Ixi obst-rved in all snrct*s>liil df^^iorning and detailing by the 
en<^ineer, is (•(M>j»erati«»n with tlu? woik of tlie architect. This 
may seem to the student, at the outset, as a very simple point and 
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one which will need little special attention. Yet the power to 
fully and quickly grasp the breadth of the architect's design, and 
its smalletst details as well, and to make the structural design to 
fully harmonize with his work, will come only by peraistent effort. 

In some buildings, the work of the engineer, because of the 
character and purpose of the building, would determine conditions 
and features to which the architect must conform, but in general 
the reverse is true. For this reason the burden of harmonizing 
his work is generally put upon the engineer. 

He must see what has been established by the architect and 
how much he must vary the natural course of his design to con- 
form to these conditions. He must often study long, over what at 
first seems scarcely possible to accomplish without clashing with 
the architect's scheme. In the working out of such details and 
problems, he will need all his or^inality. 

Interpretation of Drawins^s and Specifications. In prepar- 
ing the working drawings, the draftsman generally has to do with 
the design of another. To this extent, thei'efore, he is not respon- 
sible for the harmony of the design with the work of other lines. 
He is, however, responsible, if such a conflict of design escapes 
him, for it will be a sure indication that he hiis not looked at his 
problem from all sides, and in the light of later and more definite 
information which was, perhaps, lacking when the design was first 
made. 

In working up the shop details, the draftsman must start with 
the question constantly in his mind, " How do I know?" He must 
not fix a measurement, nor establish the position and relation to 
other parts of ar single piece, unless he finds concrete authority in 
the shape of plans, specifications, or written directions for so 
doing. Further than this, he must determine that all the infor- 
mation so given is in agreement, for he will be held responsible for 
failure to discover such disagreements. 

There is a great tendency among those young in experience 
to be guided by what appears to be indicated. Drawings are not 
always made to exact scale and the structural draftsman should 
never establish anything by scaling without explicit directions for 
so doing, and should then make a written record of what has thus 
been estaldished. 
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One of die mtmt iaipoitent instnictioDS which eaa be given i 
is never tD juflqp ei eondiuiooe. HaTedireetaathoiity 
lor all tbit is done and be eiiie your anfliotitj is not ocmtndictsl 
in aosne odber plaee. Onl instmctioDB ahoold be at once written 
Advxu as when onee loUowed, they may beoome a neceasaiy &ctor 
in other woik. If in£onnatioa is hcking or there is a eonflieti 
hoverer smilL in any of the information which is the basis and 
antbcnirr for yonr woik, refer it at once to some one above yoa 
who esn cany it to the one in anthority. 

5hap PnKtioe aai Use of Detail SiMp Drawinfi. When 
the shop detaib are prepared they go firsts if the stock list has not 
pierioQslr been made, to the stock dqiartment» and a detuled bill 
of matexial required in fabrication ia made. This is nsed either 
to make np the rolling lists or the lists of stock to be taken from 
the vanL The next step is the making of templates. These are 
patterns in woodof the exact sixe and shape of each piece, with the 
holes locate^l, so that they can be nsed to mark out the piece itself. 
Formerly, the template maker did a good deal of the work now 
done by the draftsman, bat in most shops the policy at present is 
to do as much in the engineering department as possiUe and to 
leiivr nothing to be worked out in the template room or shop. 

Tlie trmi'Iates are sent to the shop and the material goes from 
one machine to another, being cut to length, coped, mitred, bevelled, 
sheaxvd and i»uni.hed as required. 

Whru all the pietvs are ready they go to the Assembly Shop 
ami are tht-n riveitil up to form the finished piece as required by 
the drawim:?. Each pietv has its letter or mark to designate it in 
its pas-^ajje from the template room to the Assembly Shop; and 
wlifTi tilt- whole pie^'e is assembltHi it has a mark conforming to 
what is ffiven on the settiiiir or erection drawing, so that, when 
rrcf ivtsl at the job, the erectors will know where it goes. 

Tlie final work is the juiiuting, marking, invoicing and weigh- 
ing and then the sliipnient. 

Relation of Shop Drawings. The ])asis of all shop details is 
the setting plan, or erection plan. This shows the framing of the 
floors and roof, genenilly a sepirate plan being required for each 
floor and one for the roof. This framing plan has all the necessary 
dimensions to fix the location of each piece, the numbers or marks 
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designating each piece, the size of piece, and such necessary sec- 
tions and. notes a& are required to fix the relation of the different 
members and to cover any special features. 

Each piece must be detailed fully, with cuts, punch ings, and 
framings clearly shown. In general, a standard size beam sheet, col- 
umn sheet, and girder sheet are used ; truss sheets are made to 
stiindard sizes <is far as possible but on account of the different 
types and sizes of trusses, more variation is necessary. 

Only one tier of beams is put on a single sheet even if of 
identical detiiil ; <also but one section of columns is covered by the 
same details. If the drawings are going into the mill, a further 
sepanition of the different sizes and shapes is necessary so that 
materials which have to be made in different mills shall not be 
detailed on the same sheet. 

Standard Forms. The specific types of sheets and details 
will be taken up later. 

There are stiindard forms of connections which cover all but 
special cases and which are used wherever pi-acticable. 

Figs. 146 to 148 show framed, coped, and bevelled beams. 

There are certain conventional sizes and slandards which 
should be known to those who have anything to do with working 
drawings. 

A setting plan can be so jumbled and confused by careless 
arrangement of data, and by poor execution that it will take 
longer for the man on the job or in the sliop to determine it« inten- 
tion than to work out independently what he wants to know. 
The draftsman should aim to put himself in. the place of the shop 
foreman or erector, who, when he takes np the work, must rely 
entirely on this plan for all the information. He must aim to 
give all the necessary information and give it so plainly that it can 
be quickly seen and cannot be misinterpreted. 

Wall lines are shown by red lines in order not to be confused 
with the beam lines. The walls shown are those U{)on which the 
beams rest. For instance, the setting plan of the fii-st floor beams 
will have the basement walls shown and the second floor plan will 
have the first story walls shown. Columns are represented by a 
single line indicating the members composing the columns; this 
is illustrated by the columns shown in Plate I. It is important to 
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indicate clearly the composing elements so as to show which way 
the web of the column sets. 

Beams and girders are indicated by single lines corresponding 
to the center lines of webs of beams and backs of channels. All 
lines indicating the steel membere should be heavy black lines. 
Beams framing into a girder or column are indicated by stopping 
the line of this beam a little short of the line of the girder or of 
the column. Where a beam runs over another, the lines indicat- 
ing them cross or, if there is likely to be a question, a note is put 
on to this effect. 

Lintel beams are ahown on the framing plan of the floor just 
above the Qpening ; for insUmce, lintels over the first story open- 
ings would be shown on the second floor plan. 

Measurement lines are put on in red, and should locate .all 
bearing walls and all columns and each piece of steel. Beams are 
located by their center lines ; measurements to a channel should 
go to the back. Channels placed against a masonry wall are 
generally put with their backs one-half inch away from the 
wall. 

Tie rods are not located by dimensions on the plans except 
in special cases where a rod must come in a definite position to 
escape some other member. 

The size of beams are marked along the line indicating the 
beam. Li cases where there are a number of beams in the same 
bay of the same size, it is better to use the symbol " do " or write 
the size once and indicate on the drawing. 

Each piece is given a number. The pieces may be numbered 
consecutively or it is the practice in some cases to give the same 
number to all beams which are identical as regards size and detail. 
In all cases, the number or letter which serves to identify the 
piece should be put on conspicuously as tliis is what should be 
easily seen when using the plan. 

The size of bearing plates should be specified either at the 
wall end of the beam or by a general note, giving the sizes of 
plates for different sizes of beams. 

The general notes should also give the letter designating the 
floor as " A " for first floor, " B " for second floor, etc. 

The grade of underside of all beams should be given in the 
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body of the plan or by general notes and the relations of tops 
or bottoms of all beams to each other and to the finished floor 
line. 

Sections should be made showing the framing over windows 
and of all special connections, and the relation of the different 
members to each other. In short, the setting plan must be a com- 
plete and final expression of all the data which hiis been gleaned 
from the general plans and specifications, and must be a guide to 
the sliop man and the man at the job in fabricating, shipping, and 
putting the frames together. 

Beams are generally marked thus : '*A-No.l25," or " D-No. 56 ;" 
the lowest tier of beams l)eing given the first letter in the alphalx^t, 
and so on in order, or First Floor No. 125, Fourth Floor No. 56, 
and so on. 

Columns are generally marked ** 1st Section No. 10 '* or " 3rd 
Section No. 5." Columns are sometimes made in only one story 
lengths but more often in two. They are sometimes marked thus: 
Col. No. 10 (0-2) or CoL No. 5 (4-6). 

The joint in a line of columns should come just above the 
connection of the floor beams. 

mil or Shop Invoices. These are detailed schedules sent 
out by the mill when shipments are made. They give the desig- 
nation of the piece with its weiglit and all connections and the 
mill marks, also the marks identifying it on the setting plan. 
These invoices are valuable as showing just what material has 
hiH'n sliip[)iHl and in what car and on what date, and also serve to 
lix the weight when this is made the basis of payment. A form 
of invoice used by the mills of the Carnegie Steel Company is 
given by Fig. 149. 

Estimating^. In making an estimate of the cost of steel work, 
the basis is always the weiijfht of steel of different kinds. This is 
(leterniined by taking from the general or framinij plans a detailed 
schedule of each piece of steel. As framing plans are always 
shown to a small scale and include only the general features of 
the framing, this work recjuin^s special training before it can be 
done accurately and in the most efheient manner. 

In taking off quantities, the estimator generally scales the 
lengths jis these are not usually given by figures. A test of 
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meiisurements given by the general pliins should be made when 
possible, to see how nearly to scale the drawings are made. A 
close estimate should not vary much moie than 2^% or 3 % from 
the actual weight, so it will be seen that considerable care is 
uecessary. 

CARNEXJE SIEEL COMB\NV. 

>unM>>r>an>u.'c<»iM~c~T>UH ?Jta4^J^A,%ViA: Bu wor* JOmC 

. ^tMW.^d ^lrMM^C«« *«. i^K. jAf/y 

___ -Sadx 



- - LySw^i-Jis*^ 

njSMK ^ - -- -« J 

^ia^,^&^-.- [ 



za^ 


m 


^ 


^ 


'^7^ 


:■:... 




;,;,- ;■ ■ .;, ■ ./ ,- " 


H... 


-at. 


^ 


■^ 


















— 




— 


__ij 


T^ 


u^ 






•^ 


"* 


'- 


^ 


^^^L 






y.f 


fV 


f^ 






t 


a!^ 


7 


// 








9^ 


;^ 


-f-/ 
















fl 


,f 


















A, 




a- 








Jf< 








ii 



































































Fig. 149. 

Individual estimatois Iiiive different niethixls cif sepuiating 
the different classes of material. 

The following are the general divisiona of material : 

I. Beams and channels 15 inches and nntlor. 

(a). Plain beams and channels. 

(h'). Beams and channels, jiunched two or mote sizes of 
holes in web. 

(d). Beams and channels, punched in web and Hanges. 

(e). Framed beams and cliarmels. 

(J^ Framed and coped beams and channels. 

II. Beams and channels 18 inches and above. 

The above divisions apply also to these sizes of beams and 
channels. 

There is an extra charge for all lieani.-^ and chunneis over 1.5 
inches deep, therefore these sizes nuist bo sf pamtcd. 

Further, all the other shapes nuist l>c kept separated fniin 
beams and classified by theniselves in a manner similar to tlic 
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division of beams. For instance, the members composing the 
columns iis plates, ckannels, angles, zee bars, etc., are each kept 
by themselves. 

All connections of beams to girders and colamns are charged 
at a diff ei'ent price fmm oixlinary angles or plates, and must there- 
fore 1)0 figured sei)arately. In a like manner tie rods, anchors, 
beam jtlateA, column bases, separators and bolts all are classified 
separately. 

It is evident that these different divisions caimot be made at 
the time the schedule is taken from the plans, and it is customary 
to tiike off the material in order as it appears on the plans, and by 
some system of marking designate the class to which the piece 
belongs. Tlic 8e[>anitiou is then made when the weights are cal- 
culated and the quantities are being totaled. 

It is also evident that sueh things as seiiarators, framing, 
coniieetions, spliet^s, and other detsiils cannot l^e taken directly 
from the plans, but must be calculateil largely by the judgment of 
the estimator. H(* must l)C able to see just what character of 
conueriion is re(iuired in order to classify correctly his materiiil 
Jis he takes it otT. 

Effect of Changes. Changes in details must sometimes he 
nuule l'n>iu t a uses beyond the control of the draftsman. A 
ehange in the lt)eatioii of eertain membera, or the general arninge- 
nu'iit at a ceruiiu point, may make it neeessary to revise drawings 
aheady made and perhaps sent to the shop. In such cases, the 
(lia\vin<j^ i^enerallv heais the same number and is marked revised. 
In ease additional slieels must 1)0 prepared, of course new num- 
bers ai'e *^iven to them. In sending out a revised drawing, 
instnietions shouUl be sent to have the original sheets returned in 
order that thev may all be destioyed and thus remove all liability 
of tile material beiui^ made up by the old drawings. R(»vising 
details already eoin|)lctc(l and cheeked are fruitful sources of 
errors. Tnii'-ss ihe greatest eare is exercised, the changes made 
will atTeet the relations to some oilier membei*s and the details of 
some other portions of tin* work not at fii-st apparent. The drafts- 
man should have this point always in mind and review all possible 
connections to otlier work when revising any details. 

Use of Details in the Work. The detiiil drawings must 
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frequently be used in determining features of other work and in 
laying out such work, and for this purpose the det-iiil drawings 
should contaiu information enough to estnblish the relation of 
the steel to such working lines aa finished Hoor levels, datum 
line, ashlar line, party line, and such other lines used in the 
general drawings to establish the relations of the different pai-ts 
of tlie work. 

FOUNDATIONS. 

There are three general typea of foundations. 

(1) Spread foundation*. 

(2) PuiindatioDH to bed rock by pieni or caIrsodb. 

(3) Pile foundation*. 

The form of foundation used depends largely on the charac- 
ter of underlying soil, and the 
amount and arrangement of tlie 
loads and the depths which can 
be allowed for foundation. 

Spread Foundations. This 
general division covers all forms 
of construction in which the 
foundations are spread out suffi- 
ciently, either by offsets of 
masonry or by steel beam grill- 
age, to diatriliute the load with- 
out exceeding the safe-bearing 
capacity of the soil. Fig. 1 50 
shows a masonry footing and Fig. 
151 a grillage footing. Bearing 
capacity of soils vary consider- 
ably and there are no rigid 
limits fixing the allowable bear- 
ing values of different kinds of 
soil. Table XIX represents 
good general practice. ^'"' ^ ' 

In some localities, notably Chicago, footings, if they are to 
be spread, requii-e the use of beams liecausc of llie lolalivfly thin 
bearing stratum, the low allo\vable bearing viilue, and the niagni- 
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tilde of tilt limtls to be suppoi-teil. To offset Uy successive layers 
of masonry would require too great a deptli for the thin layer of 
hard clay; it thus nccessitateB the use of grillage beams. Id 
otluT i)hices either luaaomy offsets iir griU^e uould be used. 



[ CONCRETE. AND QRILLAQE BEAM 
FDODNQ UNOeR COLUMNS. 










FiK- ]51. 



Ill linKlnn the usual snil ciirniiiitcrrd is a stiff blue or yellow 
day, ir. r,...t I.I- iiuiiv tliirk and UTuI.Tlaid with a Iwiilder clay of 
viiryin.L,' d.-i-lh, but -.'iifi-ally of from 15 lo 75 fwt. Under tli.-se 
i-iiiiditi'ins l"(mliiii;s I'lU- isohili-d coiiiinii^t ai-e very eoiiinioidy made 
by ulVsi'ilihjp the inas<niry until the ivijuiivd area is giiinwl. In 
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some cases the water level and a combination of footings may 
make it desirable to spread by means of beams. 

Caisson Foundations. In a yielding soil, or where tlie area 
available for spread footings is not sufficient, or where these foot- 
ings would be excessive in size, foundations are often carried to 
bed rock. 

The most common method is by the use of compressed air. 
Genendly steel caissons, of the size of the pier, are used. These 
caissons have their edges extending below an air-tight floor, thus 
forming what is called the working cliamber. Compressed air is 
forced into this chamber which keeps out water and soft material 
and enables workmen to excavate. The workmen gain access 
through air-tight shafts with double sets of doors forming an air- 
lock between the pressure below and above ; they of coui*se work 
under the pressure of the compressed Jiir. The material exca- 
vated is hoisted up through shafts and the caisson is sunk by 
building up the masonry foundation in tlie caisson at the same 
time the excavation is going on and this weight sinks it down. 
When the caisson has reached the grade at which it is to rest, the 
working chamber is filled with concrete making a solid founda- 
tion. 

Pile Foundations. Piles support their load both because of 
the friction between their surface and the surrounding soil and 
because of resting on solid stratum at the bottom. In some cases 
probably the greatest support is from the friction on the surface 
of the piles. They should be driven into a solid stratum far 
enough to resist any tendency to side deflection. In some 
instances, notably in old wliarf construction, the piles have been 
driven through a soft mud perhaps fifteen or twenty feet, and 
only a few feet into the hard clay below. In such cases the piles 
have deflected under heavy loads, and have assumed an inclined 
position, their tops liaving moved laterally ten or twelve feet. 
This of course causes failure. 

Piles should be driven with care so as to be kept in line, and 
the blows should not be so lieavy as to cause l)rooming either of 
the head or point. A number of rules are given for driving piles 
and for determining the load they will support Two rules in 
common use are the following : 
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P =100 [v^ W A+(50d)a— 50(f] 

W = weight of ram in tons 

w = Iieight of fall in feet 

d = penetration at last blow in feet 

p = pressure in tons to just move pile. 

The last blow must be struck on sound wood. 
Tniutwine 

46 W ^h 
^ - 1 -f 12 d 

In determining this last penetration it should be observed 
that the pile must be driven continuously, as, if allowed to stand 
some time between blows the soil becomes settled around the pile 
and the friction tlius makes the penetration much less. 

Some authorities advocate driving piles with the bark on and 
some with it of¥. If the bark is on, the piles should be cut in the 
fall as otherwise the sap between the bark and wood will ulti- 
mately caus(? the two to separate and the pile to slip within its 
bark. 

The building laws of some cities require the piles to be 
camped directly with granite levelers; most authorities, however, 
prefer a thick bed of concrete encasing the heads of the piles and 
ca2)ping them at the same time. 

Tlie factor of safety should be from 2 to 12, varying with the 
accuracy of th(i knowledge of the loads to be carried and with 
the closeness with which the fornmhe used fits the conditions of 
the special ease. Fig. 152 shows a footing supported by piles. 

Fundamental Principles. The essential points in the 
design of foundations is not to overload the soil so as to cause 
excessive setth'nient, and to so arrange and distribute the loads as 
to cause the settlement to be uniform. Some settlement is prsicti- 
cally sure to occur in almost all cases, but unequal settlement 
causes strains in the structure and cracks in the masonry. 

If the supporting power of the soil is nearly uniform over 
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the whole area of the building, the first problem is to determine 
the amount of load on eai-h footing. This is not as simple as 
^vould at first appear. Not only is it uncertain just how much 
live load will be carrie<1, but also what proportion of the whole 
building will be loaded with this live loud. 

Furthermore the dead load carried by the columns support- 
ing the walls forms a nuich larger 
proportion of the total load on 
these columns than does the dead 
load carried by the iiiteiior columns. 
The different proportion of loading 
on the columns must, therefore, be 
brought to a common bn-sis by 
some assumption. In the case of 
ofHce buildings, the actual live 
load which reaches the founda- 
tions is probably a small proportion 
of the total live load calculated 
over the whole area of all the 
floors. Moreover, the building bus 
considerable time to settle from its 
dead load before imy live load 
comes upon it. In order, therefore, 
to harmonize the settlement be- 
tween wall and interior columns it 
is better to use as a basis the deiid 
loads and a certain percentage of 
the live loads — say 25 per cent. 
A table should be made of the dead load and 25 per cent of the 
live load of each column footing. The aroiis should then be made 
encb that these loads on the soil would be the same per square foot 
in each case. Care must be exercised that in so doing, the total 
load of dead and live, or if tlie building laws under which the 
work ie done permit of a reduction in live load, that this percent- 
^e of live and dead does not bring the load per square foot above 
the specified amount. In general, this will not be the case if the 
column footing, in which the pro^Hirtion of dead plus 25 per cent 
live to the total load is tlie least, is first proportioned for total load 
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and the others then made proportioiial to iL The foDoving 
example will illustrate this point. 

Problem. Suppose columns as follows : 

No. 1 Desd+26% liTe=4irr,00a. ToUI kMid=«i9.00D 
No. 2 Dead+25% nTe=lOO,000. Total Ioad:=:2l6p000 
No. 3 D6ad+25% UTe==275,000. Total Ioad;=4S5,000 

Maximum allowable bearing on soil from total load to be 
6,000 pounds per square foot. 

In No. 1 the dead+25% lire is 04.5% of the toUI load on this eolaiui. 
In No. 2 tho dead+25% live U 80 % of the toUl load on this eolnnn. 
In No. 8 the dead+25% live ia 59.2% of the total load on this ctAnmm. 

If then, we take column No. 3 as the basis we have the 
required area equal to 465,000 divided by 5,000 or 93 square 
feet. This gives 2,960 pounds per square foot from the dead -f 

25% live load. 

For No. 1 in order to have the pressure from the dead -|- 25% 
live the same as in No. 3 we shall require 407,000 divided bj 
2,900 or 137.5 square feet. This area gives 4,560 pounds per 

Bquiircj foot pressure from the total load. 

In column No. 2 we have 19»},000 divided by 2,960 or 66 
H(juar(5 foet leciuired, and the pressure from the total load is 3,700 
pounds per square foot. 

A further provision wliicli must be made is to bring the 
center of gravity of the resisting area, or loaded area, coincident 
witli tlio axis of the load. The same principle of a strut eccentric- 
ally loaded applies to a footing in which eccentricity of loading 
(exists. In Hueh a Ciise etpial distribution on the soil is impossible 
as tliij side on which e(u;entricity exists will always be loaded Uie 
most. Furthermore, a bending moment, as in a strut similarly 
loa<l(;d, will occur in the foundations, and even a slight eccentric- 
ity, if tho load is considerable, will cause heavy strains in the 
footing. This latter point is sometimes diflBcult to accomplish 
be(jauso of the restricted area available for the footings. In some 
cas(}s tho loading and bearing capacity make it necessary to com- 
bine tlici footings of several columns, or the necassity of combin- 
ing the foundations under an old wall with new footings, or 
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of providing for a future wall or column on the same foot- 
ing, or of keeping the footing for a column in a partj'^ wall 
entirely within the party line, — any or all of these conditions may 
make it impossible tx) fulfil exactly the conditions previously men- 
tioned. Departure from these principles should be as slight as 
possible, and when necessary direct provision should be made for 
the additional strains consequent thereon. 

The necessity of keeping footings inside of party lines, and 
the desire to make the axis of load conform to the center of grav- 
ity of area, sometimes results in the use of cantilever construction. 
Tliese cantilevers are in some cases laid directly over the beams 
fonniiig the grillage in the footing. This construction makes the 
actual point of application of the loads uncertain as any deflection 
would tend to throw the load on the outer beams. A better con- 
struction is the use of a shoe with a pin bearing. 

Improvement of Bearing Power. The supporting power of 
all soils is improved by compacting, by mixing sand or gravel or 
by driving piles which prevent the sj)reading of the soil as well as 
compacting it. Drainage of a wet soil also greatly improves its 
bearing power. 

The following table taken from Baker's *' Treatise on Masonry 
Construction," gives values for general use in determining the 
bearing power of soils : 



TABLE XIX. 



Safe Hearing Tower 
Tons per Sq. Foot. 



Clay in thick beds, always dry 4 to 

Clay in thick beds, moderately dry 2 to 4 

Clay soft 1 to 2 

Gravel and Coarse Sand, well cemented 8 to 10 

Sand compact and well cemented 4 to G 

Sand clean and dry 2to4 

Quicksand, alluvial soils, etc /^ to 1 

The bearing power of clay depends largely upon tlie degree 
of moisture. 

Foundations on clay, containing much water, and undrained, 
Mre liable to settlements from the escape of the water either by 
adjacent excavations, or by the squeezing out of the water. 
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Moist clay in inclined stmta is liable to slide when loaded. 
Clay mixed with sand or gravel will bear more load than pure 
clay. Sand will bear more load than ordinary clay, and whea in 
beds of sufficient thickness and extent to prevent running, will 
bear heavy loads with little settlement. Sand sufficiently fluid to 
run, as quicksand, cannot be easily employed to Ciirry foundations. 
Qrillas^e Foundations. The simple grillage foundation is 
illustrated by Fig. 151. The method of calculating the beams 
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J)IAGRAM OF DlSTRIBLTrion OF COLUMN 
LOAD on GRILLAGE FOOTlflG 



I. 



Fig. 15:{. 

composing the grillage involves assumptions as to the conditions 
of disliihiition of loading and stresses. One method is given in 
('anil)ria, Page "IM, This method involves the assimiption that 
the beams ran detleet fi'oni the line of axis of column. Such a 
conditic)n, however, would lead to the cast-iron l)ase bearing at its 
outer edges only ; this would involve strains for which tliese 
bases are randy designed. Another assumption and one more in 
harmony with the assumption of the ordinary beam theory, is that 
the beams of the up]>er tier are fixed for the portion under the 
colunm base. Under this assumption the load is distributed uni- 
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£ormly by the upper tier and the stress in the free portion is 
calculated by the formula for a beam fixed at one end and free at 
the other. 

Referring to Fig. 153 ; suppose the column load is P, and 
hy the principles already given the extreme dimensions of footing 
are L and L' in feet. The length of the beams in the two tiers 
can be taken as L and U also. Then if b and ft' are the dimen- 
sions in feet of the column base, and the beams in the upper tier 
are placed the same width out to out of flanges as the column 

base, — = projection of the upper tier, and — = projection 

of the lower tier. The load per square foot on tlie upper tier is 

P P 

^ and on the lower tier is . The moment in inch pounds. 



V ir L L' 

. ,, 6' P ^(L — J)2 

therefore, is M = ^ X y-j^ X ^ X 12 

P 
= I X-j=- (L — 6)2 for the upper tier 

PL (V — bf\2 
and M' =1 Xljt X j- ^ X 12 

P 
= i XttO^'— ^'y for the lower tier. 

These formulas give the total moment borne by all the beams 
in the tier. The number of beams is generally determined by the 
dimensions of the footing, the beams of the upper tier being 
placed with their flanges generally not much more than G inches 
apart in the clear, and those of the lower tier from 6 inclies to 12 
inches. The number of beams being determined, the moment 
each bears is obtained by dividing the total moment by the num- 
ber of beams ; and by dividing this individual moment by the 
allowable fibre stress the required moment of resistance and 
hence the size of beams is obtained. Since the concrete and steel 
act together, a higher fibre strain can be safely idlowed ; this 
should in general be not more than 20,000 pounds per square inch, 
however. 

Some trial and reproportioning of dimensions may sometimes 
be necessary to keep within the limits of depth and number of 
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beams desii'ed. Grillage beams in foundations should have the 
concrete thoroughly tamped around them, and it is pi*eferable 
that the steel should be coated with neat cement instead of a coat 
of paint. 




O1AORA.M ^GmLLAae Foot/no. 
Fi^/54 

The following prol)lein will illustmte the method of proce- 
dure in the (tase of combined footings. 

Su])[)ose two colli inns loiuled and spaced as 8ho^v^l by Fig. 

lol, and let the allowabhi bearing on soil be 5,000 pounds jKir 

scjuare loot. T^et the dimensions of the footing be 20' — <)" X H' 

— ()"::=220 sijuaro feel. The determination of the size of base is 

lari»;ely a matter of jiuli^'nient and depends upon tlie amount of 

load and the d(\tj:re(; of sj^reading neeessary to keep the size of 

grilhiL^e beams, or masonry olTsets, within the limits which are 

eeonoinieal. Su[)|)()se in this ease the base is 3' — G"x3' — <>/ Tlie 

1,100J)00 
load per squai'e foot in the upper tier is therefore- ^a v^ q r~ = 

1 0,71 4 ponnds. "^Phe moment on this tier will be a maxinmm 
either at one of the eohunns or at some point between them. The 

000,000x11 
center of gravity ot load is . ^ j {)(){) " ~ ^'' ^^ ^ ^^^'^ ^''^"^ ^'^^ 

lighter load. This fixers the ])n»jtMti«)n of the footing Imyond the 
loads as 4 feet from th(i lii^ht load and 5 feet from tlu* heavy load. 
Tht^ beams between the eoliimn loads are in the condition of a 
beam tixed at the en<ls and loade(l with a uniforndy distributed 
load. The moment may therefore be taken Jis approximately 5 of 
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that for a beam simply supported. The moment between the 
columns will be a maximum where the shear is zero. To deter- 
mine this start from one end, say the left-hand end, and deter- 
mine the distance to the point of no shear by dividing the 

600,000 
concentrated load by the load per linear foot; — r^-jr^wr- z=10.9. 

If the load is assumed uniformly distributed over the upper tier 
the greatest moment outside of the column load will be at the end 
having the greatest free length. The maximum moment there- 
fore in this case will be at the edge of the base plate of the column 
at the left-hand end or 10.9 feet from this end. Call these 
moments M and M' respectively. 

M = i X 55,000 X 3.25 X 3-25 X 12 
= 3,487,000 inch pounds 

andM' = ^ X [55,000 X 10.9x5.45 — 600,000 X 5.9] X 12 
= 2,181,800 inch pounds. 

If the allowable fibre strain is taken at 18,000 pounds per 

. , , . , . . 3,487,000 

square inch, the required moment of resistance = — i « ooo ~ 

194. 

The offsets in masonry footings can be determined by the 
formula for a beam fixed at one end and loaded uniformly. A 
genend practice and one in fairly close accord with the results of 
the above formula is to draw lines at 60 degrees with the horizon- 
tal from the edges of the column bases and where these cross the 
joint lines (the thickness of the courses having been assumed) 
will be the vertical face of the course. When the structure is of 
such a character that wind load affects the foundations, this 
must be considered in addition to the other live loads. Such 
cases would be narrow and very high buildings, chimneys, monu- 
ments, etc. 

While the concrete and imljedded steel beams in a footing 
are undoubtedly much stronger than the simple beams, it is not 
castomary to figure the beams in such cases by the theory apply- 
ing to steel imbedded simply in the tension side of concrete. Foot- 
ings of this character are employed sometimes and their design 
will be taken up later. 
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Cantilever Foundations. The case of cantilever construction 
supporting a party wall is illustrated in Fig. 155. Let P be the 
Willi coluinu load, a the distance in feet from wall column to the 
pin bearing forming the fulcrum, and h the distance in feet from 

fTTl 



I 





Fig. fSS. 

fulcnuu to I'oluinii ;it opposite end of cantilever. Then the load 

on fulrruni 18 , . The distance a should be taken so that 

tlie fulcniin c:in be at the renter of tlie footing and still keep 
within th(t parly lint-s. Sometimes this cannot be done, and then 
tlie footinic hns to l)e di'si'med to take aeeount of this eccentrlcltv 
of bearini^^ The eiintih-vcr is designed by determining the niaxi- 
mmn moment and shear. 'Hu' maximum moment in the above 
(•as<' is at tlie fulerum and is Va in foot pounds. In case tlie 
girder Is a rlvetecl glider, as is often tlie ease, other features must 
be considered In Its (K-sign, as will be explained later. 

In case the cantilever Is in the Hoor, as it sometimes is, as 
shown 1)V FiiT. lo*>, and in addition to the wall column, carries a 
lloor load, then the position of maxinnim monient must be deter- 
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mined in a manner similar to that explained for combiDed footings. 
The connection of the cantilever at the interior column must ho 
designed to resist this npward teodency and in case the reaction 
from the dead-wall load is greater than the dead load carried hy 
this column the cantOerer arm should be extended to the next 
column 80 OS to decrease this reaction ; or the column must be an- 
chored and all connections designed to resist this upward reaction. 




Fig. leo. 

Fig. 156 shows also a steel concrete retaining wall to hold up 
the earth under an adjoining building which foots sonic dis- 
tance above the new foundations. 

Fig. 157 illustrates the case of a party w;ill foundation 
designed to carry a future wall column for the , adjoining building 
and the column of the present building. The eccentiicity of 
bearing is shown in this case, and this and tlie necessity of spread- 
ing in the direction of the wall rather than across it are the 
important features. 



STEEL COXSTErcnON 



FOOTTC TO CARRY ao PAHTY WIL. 
AMD COLUMHS FOR NEW BUUPTKL 




PLAN OF roOTINGS AT CORNETfi 
UNDEB COONCR COLUMN AND OW WALL. 
Fig. ir>7. 



STEEL CONSTRUCTION 159 



The matter of design of foundations is one always requiring 
accurate knowledge of the special conditions incident to the prol)- 
lem and the nature of the soil, and is largely influenced by prac- 
tical considerations and the judgment of the designer. It is not 
safe to lay down any fixed values to be followed in all cases. 
Foundations in soil which ai*e at all questionable, should never be 
designed except by an expert, who is capable of judging the extent 
to which the ordinaiy methods of procedure must be modified. 

Retaining Walls are walls built to resist the thrust of earth 
pressure. These walls may also be bearing walls for loads al)ove. 
The pi-essure of earth tends to cause failure of the wall in the 
following ways : 

(1). To sHde on its base. 

(2). To slide on some horizontal joint. 

(3). To overturn bodily. 

(4). To fail by buckling. 

To resist the tendency to slide on its base, the dead weight 
of the wall, or of the wall and the load it cariies, must be sufficient 
to resist the horizontal pressure without exceeding the coefficient 
of friction between the material of the wall and the surface upon 
which it rests. 

To resist the second tendency the weight above any joint 
must be sufficient to resist the pressure above the joint without 
exceeding the coefficient of friction of masonry upon masonry. 

The overturning moment of the earth pressure about the 
edge of rotation must be balanced by the moment of tlie weight 
of the wall and of the superimposed load about the same edge. 

The fourth condition applies only to retaining walls supported 
at their tops and built genemlly of concrete and steel. A retiiin- 
ing wall so supported would liave to resist tension in one side 
and, as a masonry joint is not intended to resist tension, such 
construction involves the use of steel. Such construction is 
becoming more common on account of the saving in space due to 
the thinness of the wall. In Fig. 156 is shown such a wall. 
The tensile strength is supplied by the beams running horizontally 
and the twisted vertical rods. 

The resulting pressure due to the thrust of the earth and the 
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weiglit of wall and euperimpoaed load must fall within the base is 
order to give equilibriuni, and within tlie middle third of the haw 
to avoid tension on the masouiy jointa. Figs. 158-159 shov 
tyiws of rdaining walls. 
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Underpinning Shorlnj; and Sheath Piling. Underpinning 

is the tiini given to llie processes of carrying down old founda- 
tions or w;ilU iidjaeent to new coiistnietion to the level of the new 
cniis true t ion. 

ll very often happens that footings of new buildings will be 
twenty or tliiriy feet Ixlow the bottom of the footings of the 
walk i)f an adjaeent old building. To leave the old footings at 
lliis higlier level itfter the exeavation of the new building is 
nmde. would iieeeM.sJtiite making the wall heavy enough to act as 
ii retaining wall, to resist the pressure on the soil Ixick of it. It is 
generally more jtractieable, therefore, to hold up the old wall 
temporarily by tinil>er braees, needles, wedges, etc., and build new 
work up under it from the level of the footings of the new 
liuiUlingB, This new foundation under the old wall is called 
underpinning, and the construetion necessary to hold it in place, 
during the process of imdci-pinning, is called shoring. This latter 
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tenn applies to all bracing of old walls or adjacent cor.striiction 
during the construction of the new work, whether the wall is 
underpinned or not. 

Where a mass of earth is to be held in place to enable new exca- 
vation to be made without disturbing it, heavy planks set edge to edge 
are driven down as the excavation proceeds, and bniced at inter- 
vals by breast pieces or heavy timbers to keep tlie phink from 
bulging under the pressure of the earth. This construction is 
called sheath piling. The planks, generally, are pulled out after 
the wall, which is designed to pennanently hold the earth in place, 
is built ; sometimes, however, it is left in place. 

HIGH BUILDING CONSTRUCTION. 

Orison of the Types. Iron has been employed extensively 
in buildings for many years. The first building in this country 
of what is now known as the skeleton type of construction, was 
the Home Fire Insurance Company Building, built in Chicago in 
1883, of which Mr. W. L. B. Jenney was the architect. 

As this was an epoch-making event, it is important to know 
afewof the details of this building. In an account published in The 
Engineering Recoiti of January 6, 1894, Mr. Jenney says: *'Th(^ 
problem presented by them was to so arranges the openings that 
all stories above the second or bank floor could be divided to give* 
the maximum number of small offices — say about 12 feet in 
width — each with its windows conveniently placed and sulhcient 
to abundantly light the entire room. The work was pLmncMl 
quite satisfactorily, but the calculations showed that a material 
with very much higher crushing strength thnn britk was neces- 
sary for the piers. Iron naturally suggested itself, and an iron 
column was placed inside of each piei." Th(i chief de[)artunj 
was in making the columns bear all the loads, the walls between 
the piers supporting only their dead w^eight for a singh', story in 
height. Mr. Jenney states that the diirieulty whieh wtus feared 
from the expansion and contraction of the iron colmnns lod to the 
supporting of the walls and floors independently on the columns. 
The columns were of cast iron of box section, and the walls were 
supported on cast-iron box lintels, resting on brackets cm the 
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columns. The floor loads were carried by iron beams, alUiough a 
few IJessemor st^^el beams were used, these being the first to be 
used iu this country. 

Since the connections were by bolts, the beams were con- 
nected togetlier by a bar running through the cast-iron columns, in 
order to secure a more rigid frame. 

The chief advance from that day is in the substitution of 
stei'l for all members in high-building construction, and in the 
development of details in the coimections of the niembera. 

Types in Use. There are three main types of high build- 
ings: 

1. The class in which the exterior walls are self-supporting, 
and are designed also to support the ends of the girdere carrying 
the floors. The floor loads inside the walls are carried by steel 
beams and girders framed between steel or cast-iron columns. 

2. In tlie second class, tlie exterior walls are self-supporting 
hut the wall ends of floor girders are carried by steel girders and 
colunms. 

3. In the third chuss, the steel frame is a complete unit in 
itself, ami carries all floor loads, and, also, the load of the walls 
themselves. This Litter is the pure skeleton type and the more 
common form of construction. 

Effect on Foundations. Hie different types have an impor- 
tant effect on the design of the foundations, and in some cases fix 
their character. 

In the first type, the lx>nefit of isolated columns with inde- 
j)eiulent foundations is largely lost, jis unequal settlement's in tlie 
walls themselves and in the walls and columns are likely to 
result. 

In the secoiid type, as all loads are carried on columns wliieli 
have ist)latcd footini.^^, more etjual settlement will proUibly result, 
and in the event of the walls settling unequally witli respect to 
the columns, would not affect the steel frame. 

In the third cla,ss all foundations are generally in effect of 
the character of isolated piers which can be proportioned to give 
nearly uniform settlements. 

VVHien a party wall makes it desirable to keep all foundations 
inside of the building by means of a cantilever construction it 
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can be more readily done in buildings of the third class than in 
any other type. 

Effect of Wind Pressure. Probably the most distinctive 
problem in high-building construction is the provision for lateral 
strains in the framework, due to wind pressure. The amount of 
these strains varies, of course, with the relation of the height of 
the building to the dimensions of its base and to its exposure on 
different sides. In tlie earlier designs, much more complete pro- 
vision was made for such strains than is now the practice. The 
laws of some cities, Chicago and Boston for instance, now limit 
the height to about 125 feet above the street. In other cities, 
notably 'New York, buildings of 350 feet or more are allowed. 
In New York, in buildings having an exposed height of four times 
or less the least dimension of the base of the building, no special 
consideration of wind strains is proscribed. 

* In buildings where the walls are of solid masonry construc- 
tion and of moderate height, it is not necessary to consider the 
effect of wind pressure, as the dead weight of the masonry and 
the stiffness afforded by cross walLs and partitions are sufficient to 
resist the effect of the wind, under ordinary conditions. With 
the light steel skeleton buildings carried to the height of the modern 
buildings, the elasticity of the steel frame makes it necessary, 
under certain conditions, to consider wind pressure. The walls 
\yemg merely thin coverings, and the partitions also tliin and not 
lK)nded to the walls, it is apparent that the frame itself must pro- 
vide all the resistance. 

The effect of wind blowing against the exposed surface of a 
building is 

(1) To produce an overturning moment tending to lip the 
whole building over, 

(2) To shear off the connections of the columns to each 
other, and to cause the floors to slide horizontiilly, 

(3) To sUde the whole building horizontally on its founda- 
tion, 

(4) To twist or distort the frame. 

In buildings of usual proportions of height to bjuse, the dead 
weight, even in the skeleton type, Ls sufHcient to resist a bodily 
overturning. Some buildings have been built, however, that are 
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almost of the character of towers or monuments, where this effect 
must be considered, and provision made for it, hj anchoring to the 
foundations. The action under such conditions will be under- 
stood by referring to Fig. 160 which shows the outline of a nar 
row building, having columns only in the walls. The building 
would tend to tip about the side opposite to that upon which the 
wind is blowing, and the columns on the wind side would be in 
tension, due to the action of the wind. If the load on these 
columns due to the weight of construction and a small percentage 
of the live load, to cover weight of fixtures in the old buildings, 
were less than this tension, the difference would constitute the 
stniin on the anchorage. If the building were safe against over- 
turning, it would ortlinaiily be safe against sliding bodily, as will 
Ix'^ seen from the following consideration : 

Suppose */ = the width of base 

h = the height above ground 
jt = the wind pressure per square foot 
w = the dead w^eight necessar}*^ to resist overturning 
f z= the allowable coefficient of friction on the 

fcmndations 
/' = length of building 

Tht'ii assuiuiiiir the whole surface acted upon by the wind, and 
the weiLiht of the building acting through its center of gravity 

/) b A- 

jr r- . 

a 

In (H'dcr, tlH'irfoir, for tlie building of the above weiglit to slide 

I' /> h ff a 

As the iillowahle cnttficitMit can safely be taken at .40 this means 
that for the slidin^^ ipudency to be considered the width of base 
must Ik? .40 or more (»f the height. 

Buildings in which the overturning effect would need to be 
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coRsiflered would have a base much narrower than .40 the height 
so that it is safe to say a narrow building, if safe against overturn- 
ing, would be safe against sliding. 

A further point in this connection is, that ordinarily, the 
columns do not stop at the ground level, but extend below and 
therefore have ttie resistance of the adjacent ground against 
sliding. 

The tendency to shear the connections, and to twist and dis- 
tort the frame, are ordinarily the most important features of wind 
pressure and these effects are always present in a high building 
exposed to wind. The connections necessary for framing the 
iloors and columns may sometimes of themselves be suilicient to 
provide for these strains ; in oUier cases special provision must be 
made. 

Wind Bracing. Where special provision has been made it 
has gent»mlly been by vertical bracing between columns, either in 
the form of diagonal mombei-s, similar to the web members of a 
truss, or by portal bracing in the form of a stiffened plate arched 
botweon colunnis, or bv knee braces between the columns and the 
horizontal meml)ci*s. A modification of the two latter forms has 
of late years resulted in usinjx a deep girder at the floor levels, in 
the walls between cohnnns. Tliose different types of bracing are 
illustr.ited bv Kiijs. 1»>() to ir)3. Their calculation will be con- 
sidered later. 'J'here is always some vibration in high buildings 
exposi^l to a st'vere wind, as has been shown by plumb lines hung 
in shafts from the top of the Iniildhig. 

The wall euverinLC being carried by the steel frame hjis 
i^neatly ch;in^e<l th(? methods of erecting a building. Now, the 
frame is caiiied u[) a number of stories, perhaps to its full height, 
b(*fore any work on tlie walls is commenced. It mav then Ik* 
started at the sixtli tloor just as well as at the first. The frame is 
also usimI as aiiehoraL>e for the derricks used in erection. The 
designiT oi- draftsman has, ])erliaps, little to do with the methods 
used in erection, lint a tliorout^h knowledge of tlie conditions and 
general practice which prevails should enable him to arrange the 
framing so as to fiicilitate and aid in the rapidity of the erection. 

It is not often that a comph»te system of diagonal braces can 
be used in the exterior walls, on account of interfering with the 



174 



STEEL CONSTRUCTION 167 

window openings ; they are sometimes introduced in the interior 
Willis OF partitions. Portal bracing while formerly used to some 
extent is but little used now. Knee braces and deep stifiE girders 
or struts at the floor levels, are the more common types of bracing. 
Portal braces, while forming a rigid frame without interfering 
\Vith the openings in walls, have the disadvantage of being difficult 
of erection, expensive, and they induce heavy bending strains in the 
poital itself and in the columns. 

Fig. 164 shows the Penn Mutual Building of Boston, during 
consti'uction, of which Messrs. F. C. Roberts & Co., and Mr. 
Edgar V. Seeler of Philadelphia were the architects and engineei-s. 
This photogi-aph shows the deep girders at each floor level which 
serve not only to carry the loads but as wind bracing. 

The student should also notice the method of supporting- 
staging independently from any floor, and the masonry suppoited 
independently at each floor, iis shown at the fourth floor. 

Figs. 165, 166, and 167 give interior views of the same 
building. The floor system was put in by the Eiistern Expanded 
Metal Co. and consisted, in general, of a slab 7 inches tliick re- 
enforced continuously at the bottom by 3-inch No. 10 expanded 
metal, and also at the top for about four feet from tlie ends. 
There were also ^-inch round rods bent over the tops of the girders 
and running down to the bottom of the slab at the center; these 
rods were used every six inches. 

The span of these floor slabs is 17' — 6." 

These views show also the method of wrap[)ing the columns 
and flanges of beams with metal lath and plastering. 

The student should note, also, the appearance of the center- 
ing shown by Figs. 166 and 107, and of the concrete where the 
centers arc removed ; the grain of the wood is shown clearly 
marked in the concrete. 

Fig. 168 shows the Oliver Bnildinrr, Boston, during construc- 
tion, of which Mr. Paul Starrett was the architect. 

This photograph sliows clearly the piactice of leavini:^ tlie 
masonry down for one or niorci stories and huildin;^ the stories 
alK)ve. It also shows the iron fascias set in place in tin; upper 
stories; this is done in advance of t\\i) masonry so that the 
masonry will fit more accurately and neatly around them. 



175 




'< 



J 




The cornice brackets and frftming are shown in place remly 
for the cornice when the building shall have rea<;hed this stage. 

niLL BUILDING CONSTRUCTION. 

This term must not be confused with "mill construction," 
The latter term applies to what ia aometimes called "slow huruiuj; 
construction." This is a construction which is the result of tlie 
standardiziug of requirements and I'ecotumendations of the Irisut- 
iince Underwritera, It applies to a construction in which the 
walls are of biick, the interior posts of hardwood and of a size 
generally not leas than 8 inches, the floor of heav'y wooden 
girders with hard- wood flour titul>eiss[>aced about 5' — 0' center to 
center and 3" or 4" of hard-w<K)d floor plank:); while this con- 
struction is largely of wnod tlie size of the tlrabei-s makes the m 
slow burning to a certain degree. Modilications of this constrni> 
tiun in varying degrees exist, in which steel replaces some of the 
wooden members, and from this to the all steel and brick constnio- 
tiou. In some cases the spacing of columns and required floor - 
loads make it desirable to use st«el or iron columns nod sle^ 
girders, the floor beams remaining wood, however. In otliu 
Ciises crane loads and other special i-equirements make steel menh 
bers more advantageous than the wood. The possibility of tedoiy- 
ing the brickwork to a minimum, by carrjiug all loads on a stvel. 
frame, aii.d thus giving large window areas, caused a fartlMT; 
development of the steel mill construction. Underwriters bbjeotJ 
to steel framed mills where the steel ia left unprotected nnd ^Uf 
ex[K)sed to speedy collapse in case of fiie. The additional cost 
fire-pnx)fing gerierallj' results in its omission, however. 

Special Features. Mill building, iuid by this term is incladi 
machine shops and all classes of manufacturing buildings, 
always be treated according to the requirements and conditioVi 
peculiar to the case. Details and cajiaeities caiuiot be as 
standardized as in the case of other classes of baildii^fs, 
tliet« are generally featmcs or ooiubination^ of features pecttii 
the case. For this reason, the rei^uired loo^ling should be accoratd]* 
d^ennined and the details carefully studied. Heavy loads should 
be brought directly oo columns or over giniers if posslUe, 
tbaa supported by shelf or side cimnei-tion& 
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Where the building Ls of the shed construction, that is, with 
no floors or a very higli first story, special provision for stmins 
must he made. Trusses are generally connected rigidl}* through 
their whole de[)th antl also by knee braces to the columns. Wind 
struts at tlie eaves and at intervals between these iind ground are 
provided. A continuous hi-ace at the ridge, and diagonal bracing 
in certain hays U^tween tlie trusses is n»quired. With certain 
ty[>es of huihlings, longitudinal trasses or braces lietween the 
main braces are also required. Before details of the different con- 
nections met with in this class of construction can be made, the 
stu<lent must lx»(*ome familiar with the general types of construc- 
tion. While only a few of tlie more common forms can 1)e given, 
they will serve as a l>asis for niore complete study of the diffeivnt 
types. 

Figs. !«)!) to 174 show general features and details of a build- 
in l,^ of the si led ty{>e. 

Fig. li»l» shows the side framing, the oj)eniugs, diagonal biac- 
inir* eave stmt and eolunins. 

Fig. ITT) shows a plan of tlie columns and trusses, and the 
brac-iniif hclweiMi. Fig. 17- .shows the end-wall fr.iming, and Kig. 
171 i> a ( Toss-stM-tion showing the type of trusses and the bracing 
lo th<* cnlniiins. 

Fiu^ I7-» ^l^^>ws :i <lci;iil of the walls and the colunms. These 
walls aic lor in-olertioM aLTainsl we.ither onlviand are not desiimfd 
to siillrn tin- si<M'l frame which is sutliciently braced togetlier 
ilx'lt". 

I'Ilt. I" ^ >li"W> the an(liora;^^c of ilic ends of the trusses if solid 
walls wrrt' use 1 ill place uf tlie steel wall colunms. 

I' igs. 17.") tn 177 sliow a machine shop steel frame witii pin 

eoniiecii'd tnis^e^. ( Ji'iieially trusses of this character an» riveted, 

Imt ni-ea>^ionali\ tlie\- ai'<' ]»iii e'>niieete<l. 

• 1. 

I'i^. 17") slinws tlie ei()s^-s(-etion with low wings along the 
si<le walls ami a liii^Hi ei'iiii-al j» »rtioi». to provide room for a travel- 
ling; crane. This ceniial ptJition is liirht,',! |,y a monitor at the t<»p 
as .shown : ihe wimjows in the eiul walls art* also indicated. 

TIm* cnlunnis ar*- hratM^l (oi^eiher and to the trusses and the 
wholr frame is selt-snpportiiJLj. The erain* nms on a track girder 
whieh is snppoited by a separat«' enliunn. 'I'liis is of advantage 
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because it allovrs the colanin to be placed directly under the load 
instead of on a bi-acket which would cause heavy eccentric load- 
.ng. 

Fig. 176 shows a partial elevation of the side. Tlie columns 




re placed under every other truss only; the intenncdi.ite cross 
'usses are therefore suppoiteil liy longitudinal trusses shown by 
ig. 176. Tiiese trusses serve also to give the necessary lateral 
iffness to the frame. 

Fig. 177 shows a detail of the ends of these trusses and the 



STEEL cnxsTRCcnos 

the columns aod of tlie bncii^ to kbe oc^amiisuid 
..ea. 
Kij*if. 178 to 183 nhow the otrtlines md Romedebulsof sli^t 
mill buil<Iing h»viiig a double pitched roof as shown by the eleva- 
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tiiin, Fifj. 178. Tins elevation has letters indicating the positions 
of the different types of purlins shown by Figs. 179 to 182. 

As there are skylights on this roof, purlins " B " have special 
framing. Tlie regular purlin is " A," and ** D " showa the wind 
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struts between tlie columns ; there is also a wind strut at the 
ridge. 

Fig. 183 is a detailed elevatio/i of one-half of the main truss, 
and of the connection of the purlins to the truss. 

Figs. 184 to 187 show general features and details of a com- 
bined wood and steel frame mill building. This form is used quite 
extensively. The main columns, trusses and girders are of steel ; 
the roof purlins and floor beams of wood, and the walls of brick. 

Fig. 185 shows the detail for securing the wood purlins to the 
trusses. 

Fig. 186 shows the main column which carries a bracket for 
a light crane. This column, on account of the eccentric crane 
connection, is made of the two channels latticed as shown ; in order 
to get a stiff connection of roof truss to the upper section of 
column, and also, because of the light load, a column of four angles 
and a web was desirable. This upper column, therefore, sets down 
inside of the channel column and is riveted to it as shown by the 
details. 

Fig. 187 shows the connection of the girders in the wings to 
the columns ; the double hojinis coming at right angleB to the web 
made it necessary to use deep shear phites across the flanges of the 
column in order to give support to the bracket mid provide for the 
eccentric strains. 
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DEFINITIONS AND ABBREVIATIONS. 

In all structural steel detailing certain abbreviations are so com- 
monly used that it is essential at the outset for the student to Ix? 
familiar with them. The more common are given below: 



PL 


= Plate 


C 


= Channel. 


L 


= Angle. 


T 


= Tee. 


o 


= Round Rod, and when this mark follows a dimen- 




sion, as for example, 3" o, it mdicates a J" diameter 




round rod. 


D 


= Square. 


T.B. 


= Tumbuckle. 


O.H. 


— Open Hearth. 


R. W. 


= Roadway. 


S. W. 


= Sidewalk. 


R. & L. 


= Right and Left. 


Hex. 


= Hexagon. 


H.P. 


= Hani Pine. 


Y. P. 


= Yellow Pine. 


Bit. 


- Bolt. 


U. II. 


— I nder Head. 


T. &G. 


= Tar & Gravel Calso used for tongued and f(roo\edV 




The right meaning can generally be inferred from 




the place in which the abbreviation occurs. 


Riv. 


= Rivet or Rivets. 


Csk. 


= Countersunk. 


Cor. I. 


~ Corrugated Iron. 


Anch. 


= Anchor. 


Fill. 


= Filler. 
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TT'ir 'Tukfwrzic EtammiBar innrr ti* uRssf 'iftcai met vUb id 
oe-aiiizxti imi rauHUL i« inlr uauaamwul. 



iiuri. uuL mgr iTTni-TiaM uflL.s ik* srliK-sitnininaldnff&BiiaB is inter 



TTiur 'Kai ::r joqAb^ li* l«ik& sand «> cod- 

ut^r- zturiT if i 7iit3ii?*^r ir ti rnmiRR mcaiMSR' v* ^aeb odm-. prior 

— '-'~.::^ T:^ • '*: :*• "^th *"-k: him r'^^t- OTT^er ir ib«r <3ead. 

::.:....:_ ■.' "i- -:■ ♦: : --.- v-:*-»-^ v.i':^ i^ i: :%; *c*!--.tjw:. & niunlier 

■ ■•• - ■ ~ :: ;.-" ►- .:- ■ :i>*:. lih l:i:iu: I/'/ ia>Tie ^ib<:•Illd be 

'"->-•■-. ':.i/ "T.. ..:■:►-:.•" ••- :»- t^-si-r^ il ;c*3*r x:- kiic'"K" f(»r waste. 

-•—-:..--■ • "■■ . "■- 1.^ .' *> site i^iz-nic ^ ASaiKmt^Hm: of the 

>r:f: Pin*- /:— - . *- :j--^- tkrtf-Tfi Si«-] T-in> af^^l ior 

•„. :. . . ^,.^ .^ ^ ■ :^: •:.r*:'^ T. .^-rrvti iruuv-unnies in the 
', •:.:,: ' "- -- -^- ■=;-- :* ^ rur-'ieT. If ibe hi»lt-> da not 
"/r/- v --^: •> -. -^: -- -^ -r-rr. -JLT^.^j^^t, ibe drift pin i> fir^ 
.r..*^:. •;.-••.::- ...'. - :: - -^.j^-- : :. !•- f-oi^i oui 5*> as to allow the 
r>.'t Vi r^' ■' V r-. - - ' - ;>r: : ;rif: r.ia> which is not allowed 
fiv a;.v fir-T-'ioL- -;-'-:*: \i:. : v r.vvtnliekss it is often done, unless 
th'- ho[> work i- ri^i'ijv ;:.-j*-. >-»:. 

WUit Nuts. A j#iloT !jij: :- a taj»*-reil end which is temporarily 
Ji'-nrwcd on t/i the end of a pin in order to effect a passage for it 
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through the pin holes of two or more members which are to be con- 
nected in the field. These are, of course, only needed in pin connected 
structures, but must not be overlooked in making out shop orders 
and shipping lists, and at least one must be sent for each size of pin 
used in the structure. 

Split Nuts. Owing to lack of room it is sometimes impossible 
to use a standard nut, and in such cases a thin split nut of about one- 
half the thickness of a standard nut may be used. 

Plate Nuts. For the ends of large pins the nuts are sometimes 
made from plate cut to hexagon shape and tapped out to fit the 
threads on the ends of the pins. 

Lomas Nuts. These are for use on the ends of large pins such 
as are used in bridge work. The pins are generally turned down 
to a smaller diameter at the ends, and these small ends threaded. A 
Ix)mas nut grips these threaded ends and projects over the shoulder 
of the pin. For dimensions and weights of Cambria standard pin 
nuts see Cambria Handbook, page 336. 

Clevis Nuts. On page 334 of Cambria Handbook are shown 
sketches of clevis nuts, and table giving dimensions, etc., is given. 
As will be seen in the sketch, the screw ends entering the clevis nut 
allow the effective length of rod to be adjusted. 

Sleeve Nuts. On page 333 of Cambria Handbook is found 
an illustration and table of dimensions, etc. The purpose of sleeve 
nuts, as will appear from the illustration, is to allow rods to l)e ad- 
justed as to their length when the ends are connected to pins or bolts. 

Turnbuckles. An illustration of an open turnl)uckle is shown 
on page 332 of Cambria Handbook. Tunibuckles are used the same 
as sleeve nuts. 

Tie Rods. Tie rods are plain rods with screw ends and nuts 
on each end, and they are used between the beams supporting fire- 
proof floors to tie the beams together and to hold them in position 
while the fireproofing is being put in place. The tie rods also stiffen 
the I-beams laterally. The sizes of rods used for this purpose are 
usually f-in. diameter to 1-in. diameter. See Fig. 207. 

Loop Eye Rods. Rods which are connected to other parts 
of a structure by pins are provided with loops nmde by bending the 
nxl around to conform to a circle of same diameter as the pin, and 
welding the end into the body of the rod. The distance from the 
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un rod is ^^H 



center of pin to the junction of the end of loop with the main rod is 
usually made about two an<l a half times the diameter of the pin 
which loop is to connect over. See Fig. 188. 

Forked Eye Rod£. Sometimes it is desirable to have a rod 
connecting to a pin fastened so as to bring an equal -strain on each 
side of another rod or part connecting to the same pin. In such 
cases it is necessarj- to make a forked eye instead of a single loop. 
See Fig. IS8. 

Upset Rods. When rods are threatled at the ends, the cutting 
of the threads diminishes the effective area of the rod and conse- 
tjuently weakens it. To maintain the same .strength throughout, 
the rod is "upset" at the ends l>efore the ends are threaded, and 
the amount of extra thickness so provided allows the threads to be 
cut, anfl leaves after cutting a 
net area equal to that in the 
^ IkhIv of the rod. 

Upsetting is done by a ma- 
cliine which takes hold of the 
lieated end of the rod when at 
a cherry-red heat and com- 
presses the metal for the re- 
(jiiireil length into a cylindrical 
end lai^'r in diameter than the main body of the original rod. Sec 
pages 326 to 329 of Cambria Handlxmk. 

Plain Rod. The expression "plain rod" is simply the nega- 
tive of the term "upset rmI", which has just been refined, or, in 
other words, a "plain rod" h not upset. 

Standard Threads. Iloils antl bolts are generally provided 
with standan! threads liie dimensions of which will be found on 
page 3HJ of Cambria Handl)Ook. 

Right-hand Threads. When the threads of a bolt' or rod 
are cut so that if, when looking at the end of the bolt or rod and turn- 
ing the nut from left to right, the nut moves from you, or is screwed 
on the threads, then such threads are referred to as right-hand tlireads. 
If the threads are cut so that tJie reverse is true then they are 
"left-hand threads". 

Eye Bars. Tliest- an' used in pin connected trusses ami 
structures to take care of tensile strains. The heads at each end are 
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formed by upsetting machines and the pin holes afterward bored out. 
See page 331 of Cambria Handbook for dimensions, etc., of standard 
eye-bar heads. 

Batten Plates. In Fig. 225 a batten plate is placed at each 
end of the strut on the top and bottom of the flanges. It is used 
merely to tie together the two parts of the strut. Batten plates (also 
called tie plates) are used generally wherever lacing is used in order 
to tie the parts of a member together at each end of the lacing. Th6 
Pencoyd Iron Works specifications for railroad bridges gives the 
following in regard to tie plates: 

"All segments of compression meml)ers, connected by latticing 
only, shall have tie plates placed as near the ends as practicable. 
ITiey shall have a length of not less than the greatest depth or width 
of the meml>er, and a thickness not less than one-fiftieth of the 
distance between the rivets connecting them to the compression 
members ". 

Chas. Evan Fowler, in his Specifications for Roofs and Iron 
Buildings, refers to tie plates as follows: 

"Laced compression members shall be stayed at the ends by 
batten plates having a length equal to the depth of the members '\ 

The rules given in various specifications are somewhat different 
as regards the length and thickness, being determined by each 
authority merely on his own judgment of what will prove satisfac- 
torj'. There is no methoil of proportioning batten plates except 
in accordance with such specifications as may be furnished in rela- 
tion to the particular job of work in hand. 

Lacing. Single lacing is used on the girder shown in Fig. 225, 
but if two systems of lace bars are used crossing each other and 
riveted at their intersections, it is called double lacing This is only 
used on very heavy members. Single lacing is usually placed at an 
angle of al)OUt 60 degrees with the axis of the member, while double 
lacing is placed at alK)ut 45 degrees to the axis. 

The size of lace bars to use is somewhat a matter of judgment, 
but certain rules have l>ecn established by common practice and 
experience which it is well to observe when practicable, (lias. 
Evan Fowler's specifications give the following: 

The sizes of lacing bars shall not be less than that given in the 
following table. When the distance between gauge lines is 
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6 in. or less than 8 in IJ in. X J in. 

Sin." " " 10 in H in. X J in. 

10 in. " " " 12 in ij in. X -j'a in- 

12 in. " " " If) in. 2 in. X | in. 

16 in. " " " 20 in 2^ in. X jV io- 

20 in. '• " " 24 in 21 in. X J in. 

24 in. or almve, use angles. 

They shall generally be inclined at 45 degrees to the axis of the 
nieinl>er, but .shall not l>e spaced so as to reduce the strength of the 
member as a whole. Where laced members arc subjects! to l>end- 
ing, the size of the lacing bars shall be calculated, or a solid web 
plate used. * 

Shop Drawings, In making shop drawings, the outhues of 
the member (in other words, the "picture" of it) should be done 
hi fairly heavy lines, so as to .show up clearly on the blue prints, 
and the dimension lines should be ven' light so that they will not l*e 
confused with the outlines of the members. .\ll distances should 
be given from tenter to center, wherever possible. Dimensions 
from the edge of an angle, beam, or plate, should never be given 
unless there is a special reason foi so doing; l>craiise all rolled sliajies 
vary in the width of the flanges, and Z-bars n'so vary in height. The 
reason for this variation is that different .sizes arc rolled by the same 
set of rolls and the difference is made in the spacing of the rolls. 
See Figs, 25, 26, 27 of Part I. Also, angles of a thickness of one. 
half inch or more vary somewhat in the length of legs unless lliey 
are given what is called a hnishing pass or rolling which is not always 
done. 

Make all drawings on the dull side of tracing cloth with a No. II H 
or a No. II HH pencil, .A.fter the drawing is completed the pencil 
marks are easily removed with a piece of sponge rubber. 

Do not draw out your work on paper first and then trace it. 
You will find that this is a waste of valuable time. Leam to draw 
directly on the tracing cloth, as yon will lie expected to do when you 
begin work in an office. You will need the following outfit in the 
way of drafting instruments and equipment: 

1 T-square, at least 20 in. long. 

2 Triangles, 1 of 45°, the other 60*. 
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1 Small drawing board, about 18 by 24 in. 

^ dozen small thumb tacks. 

1 Ruling pen. 

1 Circular pen or spring bow pen. 

Tracing cloth. 

1 Triangular boxwood Architect's scale 12 in. long. 

1 Bottle of Higgins' American drawing ink. 

1\ dozen Gillot's pens No. 303. 

1 No. H H pencil. 

1 No. H H H pencil. 

1 Copy of Cambria Handbook, Edition 1904. 

PURPOSE AND USE OF DETAILS. 

A shop drawing is a drawing which gives all the information 
necessar}' to lay out, cut, punch, and rivet the piece shown. It is 
the medium by which instructions are conveyed from the engineer's 
office to the shop. It must convey full, accurate and explicit instruc- 
tions for every operation. It must be so clear and explicit that no 
further explanations are needed to enable the shop to correctly 
interpret it, and the information must be given in such form that 
only one interpretation is possible. The draftsman making a shop 
drawing must constantly bear in mind that the man at the shop will 
work entirely from this drawing; that he does not have access to the 
sources of information which are consulted by the draftsman in 
making the drawing, and that what might be clear in connection 
with these other drawings will be blind or uncertain to the shop man 
not familiar with them. The draftsman should further understand 
that it is distinctly the duty of the shop man not to read into the 
drawing anything not there, and that consecjucntly the responsibility 
is entirely upon the draftsman to make his drawing so complete that 
such action will be unnecessary and impossible. Neatness in exe- 
cution of a shop drawing is desirable, but accuracy and clearness 
are absolutely essential. 

Shop drawings differ from general detail drawings in that they 
do not show the different parts of construction asseniblcMl, but cover 
only one piece. For instance, an engineer making a drawing to 
send to the drafting room where the shop details are to be prepared, 
would show a column with the girders and beams framing into it. 



107 



i 



just as they would appear when assembled. In this way he would ' 
establish the relations of the different memliers and would determine 
tlje character of the connections and any special features of tlie 
details. The draftsman detailing for the shop, however, would make 
the column on one sheet, each l>eani and girder on separate sheets, 
and the different members forming the whole structure would appear 
only as individual pieces, their relations one to the other being given 
by an assembly or erection drawing. 

In a large shop the columns, beams, and girders would be fabri- 
cated in entirely distinct departments and the men in the different 
departments would not know that those different pieces when assem- 
bled, fitted into each other. The responsibility for correctly laying , 
out these pieces so that they will fit together is upon the draftsman. 

Measurements on shop drawings are always carried out as 
close as one-sixteenth of an inch, and sometimes to one thirty-second. 
An error of one-sixteenth may be sufficient to make it impossible to 
assemble the pieces in erection, as steel cannot be cut and drilled 
at the building except at considerable expense of time and money- 
Such errors are costly. 

The student should clearly understanii the importance of the 
work of the shop draftsman and should always be imbued with the 
idea that he is the last authority to pass upon all the various points 
determining the instructions of the shop and the last sentinel to dis- 
cover and prevent errors. Drawings are almost always checked by 
some other than the man who makes them, but no man will make a 
successful draftsman unless he does his work without a thought of 
being saved from errors by the checker. 

The making of templets, and the way in which a shop uses a 
detail drawing have alrea<ly been explained. The draftsman should 
always detail as far as possible in accordance with standanl shop 
practice, as in this way much templet work can be eliminated and 
thus time and expense saved, and the work will be more quickly 
fabricated because of the familiarity of tlie shop with the details. 
The standard forms differ somewhat in the different shops, but the 
Carnegie standanis are es,sentialiy the .<3ame as all others; these have 
been given in Steel Constniction, Part I. A great many conditions 
arise in which standard fonns cannot l>e u.sed, in which cases as 
simple details as practicable should be employed. 
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Scales Used in Details. Details of plate and box girders 
and of trusses are almost invariably made to scale, generally }, 1 or 
1 J in. to the foot. Details of columns are generally made to scale as 
Tar as the connections for beams and the head and foot of columns 
are concerned. The length along the shaft from top to bottom and 
between connections at different levels is generally not to scale. 

Details of beams are rarely drawn to scale, but the position of 
holes and of shelf angles, etc., are shown in the proper relation to each 
other and to the whole beam. That is, if the beam shown is a 12-in. 
beam 16 ft. long, the elevation of the beam might be drawn to a 
scale of H in. to the foot as regards the height of beam, while as 
regards the length it might be drawn at no definite scale, simply 
made to come within the limits of the sheet. In locating holes in 
this elevation, if there was a horizontal line of holes in the center 
of the beam it should show in the center of space limiting the height 
of beam; if another line 2 in. off from the center, it should be shown 
at i of the depth from the center line. Similarly to spacing holes 
along the length of the beam a set of holes centrally located as regards 
the length should show in the center of the sketch, and another set 2 
ft. from the center should show J of the whole length from the center. 

In other words, the beam is detailed according to the scale of 
the sketch which represents the beam, but this will not be the same 
scale vertically as horizontally and will not be the same scale for any 
two sketches. 

The reason for the above absence of scale in beam sketches 
is that these details are almost invariably made on a standard size 
of sheet, say 12 X 18 in. One sheet may have beams varj^ing in 
depth from a 7-in beam to a 15-in. l)eam, and in length from ft. 
to 20 ft. To accommodate all such varied conditions to the same 
size sheet it is necessarj' to adopt a standard size of sketch repre- 
senting all sizes and lengths of beams, and locate details on this 
sketch simply by the eye, so as to show the details in proper relations 
as outlined above. In many drafting offices these beam sheets are 
printed with a blank elevation and plan and end view of a beam 
ready for the draftsman to fill in the details. 

In the case of columns, girders and trusses, this practice would 
not do, as the details are too complicated and it is necessary to show 
all details exactly in their true relation in order to make them clear. 
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to the line of strain. The rivet pitch shall never be less than three 
diameters of the rivet. At the ends of compression meml)ers it shall 
not exceed four diameters of the rivet for a length equal to the width 
of the members." 

Rivets and Riveting:. Rivets are spoken of as "shop rivets" 
or "field rivets" according to whether they are to be driven in the 
shop or in the field during the erection of the work. It is sometimes 
impossible to drive rivets by machine in the shop, owing to their 
location being inaccessible for the riveter. In such cases they must 
be driven by hand and are referred to as hand-<lriven rivets. Driving 
rivets by hand is necessarily more expensive than if done by ma- 
chinery, and it is part of the duties of a competent structural drafts- 
man to so design the details as to require the least possible driving 
of rivets by hand, whether in the shop or field. In erecting large 
jobs the field riveting is often done by machine riveters. There are 
numerous types of machine riveters, the principal power used being 
either compressed air or hydraulic power. 

In order that rivets may be driven by the riveting machine it is 
necessary to have a certain amount of clctirance from the heads of 
other rivets which project from tlie oth(»r leg of an angle if the two 
rivets are op{X)site or nearly opposite each other. This is shown in 
Fig. 189, together with a table giving sizes of rivet heads and clearances 
for machine driving. At the bottom of this table please note that a 
must not be less than { in. - \ h. Suppose we wish to drive two 
rivets, each J in. diameter, and both to have full heads exactly in 
the same line in the two legs of an angle. Now, if we desire to know 
how close we can drive the rivet in the horizontal leg to the back 
of the angle, we first find the value of // for a J in. rivet, which is 
l-i\ in. Then a= \ in. ; \ {\ ^^ in.) - H in. Add this to the 
height of the rivet, which, for a ; in. rivet is H in., and we have 
1 J in. as the distance from the center of the rivet in the horizontal 
leg of the angle to the side of the vertical leg of angle nearest to this 
rivet. But all measurements to locate the position of rivets are given 
from the backs of angles; hence we must add the thickness of the 
angle in order to find where the rivet in the horizontal leg shoukl be 
spaced. Suppose the angle to be f in. thick, then If in. i | in. = 2 in. 
would be the least distance from the back of the angle that we could 
drive either rivet in order to have the riveting machine clear the other. 



201 



192 



STEEL COXSTRrCTIOS 



Rivets could, however, l»e spaced nearer to the back of the ang! 
if the riveti are "staggered", i.e., if those in the vertical leg weretl 
spaced so as to come in l>etween the two adjacent ones in the hori- J 
zontal leg. An example of staggered rivets is shown in Fig. 233. 

Conventional Signs. In erecting some classe.'s of structural J 
steel work, especially in light highway bridges and small roof truas,! 
jobs, the connections are often made with bolts insteatl of rivets.' 
The rivets useil for stnictural steel work are round headed (some- 
times called "Imtton bead") rivets. It is necessary sometimes to 
flatten the heads of rivets after the riv#t is driven, and Ijefore it has 



'-- 




1 


I — 




■"^ 












, 














' 



THO FULL ~ 



—couNTEesum— 



FLfTTENCD TO, 



TTEtMED Tof 

n 



Flattened Toj' 



Fig. 



hat! time to cool. This is done by simply striking the red hot head 
of the rivet and flattening it to the extent desired. \\'herever a flat- 
tened head would interfere with some connecting part of a structure 
it is necessary to I'ountersink the heads, sometimes on one end of 
the rivet and sometimes on l>oth ends. Fig, 189 shows conventional 
signs for representing tlie dilFerent kinds of rivet heads desired, and 
this cwie is in general use in the United States. 

It is verj- important to show on all shop drawings the diameter 
of rivets to be u.sed in the work, and if different sizes of rivets or rivet 
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oles for field rivets occur in the same member, then tliese must be 
idicatecl on the drawing by a note prominently (h*splaye<l so that 
ae shop men may readily find it and avoid error. Tlie sizes of 
ivets generally used for stnictural steel and bridge work arc I in., 
; in., or I in. in ch'araeter, although special work may require smaller 
izes, and occasionally rivets 1 in. in diameter are used for very 
leaw work. 

Rivets are ma^le \^ith one hea<l formed, and the shank of the 

rivet must l)e long enough to project through the parts to be joined, 

and far enough out on the other side to form a full perfect head when 

subjected to the pressure of the machine. After the rivet has been 

heated to a cherry red it is inserted in the rivet hole and the riveter 

is placed so that the cap fits over the head aiready formed, and the 

other jaw of the machine presses against the protruding shank of the 

rivet and forms the head. It is desirable that riveting machincNS be 

made to hold on to the two ends of the rivet with the full pressure* 

until the rivet partially cools. 

The terms "rivet pitch" and "rivet spacing" refer to tlie dis- 
tances center to center l)etween rivets. For example^ if the rivets 
are spaced 3 in. apart for a certain distance along a member of a 
.structure, we refer to the rivets for this portion of the member jus 
being of three-inch pitch. Fig. 100 givevs the lengths of rivets re- 
quired for a given "grip". 

PROBLEMS. 

1. Given an 18-in., 55-lb. I-l>eam with a 4 X 4 X ^-in. shelf 
angle rivete<l on one side; what length of ]-iii. rivet should be ordered 
for riveting this angle on in the field ? 

2. In Fig. 1S7 of Part II, is sliown a 12-in. beam girder bolted 
to a cap angle on a column; what length of bolts should Ix* ordered 
for this connection ? 

3. If the beams shown in Fig. 187 are 6\ in. center to center, 
and are bolted up, using standard cast iron separators, what lengths 
should l)e ordered for these separator bolts? 

4. Suppose a 12-in., 4()-lb. beam and a 7-in., 15-11). beam are 
framed opposite each other on a bVin., GO-lb. girder; if standard con- 
nection angles are used, what k^igth of ;-in. field rivets should be 
ordered for the connection of the beams to the girder? 
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o. If it is necessary to drive two rivets of f in. diameter exactly 
opposite in the two legs of an angle 3 X 3i X -{^^ in.; how close 
to the back of the angle can the rivets be spaced ? 

Strens^ of Joints. The student should now become famil- 
iar with the method of calculating the strength of joints and connec- 
tions. We will take first the connection of one beam framed to 
another. The rivets in the connection, of course, are the only means 
of transmitting the load from the beam to the girder. There are 
two sets of these rivets, one set through angles on the end of the beam 
to be carried and the other set through the outstanding legs of these 
angles and through the web of the girder. The load must go from 
the beam through the first set of rivets into the connection angles, and 
then from the angles through the second set of rivets into the girder. 

The rivets through the angles securing them to the web of the 
beam are subject to failure in two ways. (1) The rivet might break 
along the two planes coincident with the faces of the web of the beam, 
thus allowing the beam to drop l>etween the two angles — this method 
of failure is called ** shearing** of the rivets. (2) The rivets might 
cnish the metal of the w^eb of the beam on the upper semi-circumfer- 
ence of the rivets; this is called failure by *^ hearing.** 

In designing a connection, the number of rivets is determined 
by whichever provision against these two nu^thods of failure gives 
the greatest required number. The strength of a rivet as n»ganls 
shearing and l)earing is called its value, and in order to detenniiic 
the nuinl)er of rivets to carry a given load in connections of tin's 
character, it is onlv necessarv to detcnnine the valiu* to he used for 
one rivet. This value is determined in the followintj wav: 

DETERMINATION OF SHEARING VALUE OF RIVETS. 

The resistance of a rivet to shearing along one plane is the an^a 
of the rivet multiplied by the shearing strength of the metal per unit 
of area. 

It d = the diameter in inches of the rivet 

S = the ultimate shearing strtMigth in pounds jxt sq. in. 
tlien V = the ultimate shearing value in pounds. 
= .7854 d' S. 

For the working value of the rivet a certain proportion of S is 
used and this varies with the factor of safety recjuired. The safe 
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The safe value usually used for power-driven rivets in building 
work is 18,000 pounds per square inch; for three-quarter-inch rivets, 
therefore, the bearing value becomes for a iff-in- web 18,000 X J X y'o 
=^ 4,219 pounds, and for hand-driven, rivets, 3,516 pounds. 

The web of the beam in Fig. 191 is a case of bearing enclosed, 
that is, it is enclased on both sides by other members, and therefore is 
stiffened against buckling under compression. The web of the 
girder is not enclosed, as it is free to buckle on one side. Most 
authorities allow a slightly greater tearing value, generally about 
10 per cent for bearing on metal enclosed. 

In designing such a connection as is illustrated in Fig. 191, 
the number of rivets through the web of the l)eam would be deter- 
mined by the bearing value of one rivet, unless the thickness of this 
web was f in. or over, since for all thicknesses less than this the bearing 
value would be less than the double shear. The numl)er of rivets 
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through the web of the girder would be determined by the sliearing 
value of one rivet for all thicknesses of webs of ,^V, in. and over, since 
for these thicknesses the bearing value is greater than single sliear. 
Where two beams frame into a girder on opposite sides so that the 
rivets through the girder are common to both beams as shown in 
Fig. 192, these rivets are in bearing on the web of the girder for the 
combined load brought by both beams, in double shear for the com- 
bined loads, and in single shear for the load from each l)eam. If 
these loads were the same for each beam, single shear from the load 
from one team would, of course, te eciuivalent to double shear for the 
load from teth teams; if, however, the -loads wen* greatly dissimilar 
the greatest load with the single shear value must be used. To 
illustrate this, suppose we have a 10-in. l)eam framed on one side of 
a 10-in. team and an 8-in. l)eam framed opposite fo it. Suppose 
the load brought by the 10-in. team to the girder is 14,000 pounds. 



207 



198 



STEEL CX>NSTBncnON 



and that by the &4n. beam 6,000 pounds. Now the web of a lOJn. 
25-lb. beam is .31 inches thick, and the bearing value would theirfofe 
be .31 X 15,000 X .75 = 3,487 pounds, and for the total loid this 
would require six rivets. To carry the load of 14,000 pounds m ang^ 
shear at a value of 3,313 would require but five rivets, so that diebett^ 
ing value and the total load from both beams would determine die 
number of rivets. 

If, however, these beams were carried by a 124n., 404b. beim 
whose web is .46 inches thick, the bearing value would then be 5,175 
pounds and this would require but four rivets; in this case the number 
would be determined by Uie greatest load and the single shear value 
of a rivet. Fig. 193 shows a single angle connection wfaidi wooU 
be determined by the rivet in single shear. It should be notioed 
that in designing connections a few rivets in excess of the actual 
number calculated should be used for connections; in general, 20 per 
cent should be added. 
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PROBLEMS. 



1. Suppose that certain rivets to l)e provided in a connection 
are in double shear. The rivets are all J in. in diameter. The out- 
side plates are each \ in. thick. What will be the thickness of the 
inside plate to make the rivet value equal to double shear? 

2. Suppose a 0-in., 12.25-lb. I-l>eam that is 5 ft. long carries a 
load of 15,000 lb., uniformly distributed. How many rivets f in. 
in diameter, will be recjuired for its connection to the beams at each 
end, allowing 0,000 lb. per square inch for shear on the rivets, and 
12,(KX) pounds per scpiare inch for l)earing? 

3. In the preceding problem, how many rivets J in. in diameter 
will l>e required to attach the connection angles to the 6 in. I-beam? 
In order to determine this, it will be necessary to first find the thick- 
ness of the web of the O-in., 12.25-lb. I-beam. This can be found 
by referring to the tables on pages 30 and 31 of Part I. As the 
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thickness of the webs is there given in d^ciniah of an inch, these must 
be converted into the next smaller common fractions. 

4. Given a 12-in., 3H-lb. I-beam 14 ft. long and a 10-in., 
25-lb. I-beam 12 ft. long framed opposite to each other to a 15-in., 
42-lb. I-beam. If these beams are each loaded to the safe capacity 
with a uniformly distributed load, what will be the numl)er of f-in. 
rivets required for the field connection to the girder, using 7,500 
pounds for shear and 15,000 pounds for bearing? 

5. In the above problem what will be the number of f-in. shop 
rivets required on the end of each beam using 9,000 pounds for shear 
and 18,000 pounds for bearing? 

6. Using the same values and loads as in problem 4, what 
will be the number of rivets required in each beam, if they do not 
frame opposite each other ? 

7. Give the lengths of field rivets and shop rivets required for 
each connection in each of the cases covered by problems 2, 3, 4, 5, 6. 

STANDARD CONNECTIONS. 

As previously stated, l^am connections to girders and columns 
are generally made after standard forms for the different size beams. 
From an inspection of these standard connections it will be seen 
that 3, 4, 5, and 6-in. beams and channels all have the same numl^er 
of rivets; 7, 8, 9, and 10-in. sections have the same numl>er; and of 
the larger beams the different weight beams of a given size have the 
same number, whether the lightest or heaviest section is used. It is 
evident that these l^ams which are of different capacities, wouUl 
not require the same number of rivets, if the number was calculated 
for the exact load of each case. It would not be economical, either 
from the standpoint of time or money, to detail in this way, however, 
and therefore these standard forms are always used unless peculiar 
conditions made it impossible to frame with these size angles, or unless 
because of peculiar conditions of loading, these connections would 
not be suflSciently strong. 

These standard connections are proportioned for uniformly 
distributed loads with spans commonly used for the different size 
beams. When beams are used on short spans and lojided to their 
full capacity, it would l>e necessary to design special connections with 
the required number of rivets; the same is true where a concentrated 
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load comes on a l)eam very near to one connection. Hie tabks on 
pages 42 and 43 of the Cambria Handbook give the minimum spans 
of the different size beamf* and channels for which these standaid 

connections can be used when the beams are loaded unifonnlvto 

« 

their full capacity, based on 10,000 lb. per sq. in. for shear and 20,000 
lb. for bearing. For cases of concentrated loading near the ends, 
no general rule can be given. For all cases of loading on spans 
shorter than those given by the table, the draftsman should calculate 
the load on the connections and determine the number of rivets 
requireil. 

Connection angles are always riveted to beams centrally as 
reganls tlie depth of web unless conditions make it necessary to raise 
or lower them. Such conditions arise when certain beams of diffe^ 
ent depths frame opposite to each other to the same prder. There 
are stundanl conditions concerning many of these cases and these 
an* shown in Figs. 135 to 139, Part II. Such connections should 
Ik* made by changing the {)osition of the angles rather than the spac- 
ing of the holes in the angles if possible, so that the standard framings 
cau Ik* ustnl. 

When* U^ams frame on opposite sides of the same girder, but the 
tvntcr lines of the two l)eams do not lie on the same straight line 
sjH'rial si/.e aiiirlos aiul rivet spacing is required. If the distance 
lu'twot'ii tlu' (Tiitcr linos of the beams is less than H\ in., as shown 
ill Kii^. \\)\ x\\v ono linr of rivet holes must be common to lx)th Warns, 
riie mininiuiu distanet^ between rivets of beams franuHl to the same 
side of a ^inler for whieh standard connection angles can l)e usi^il is 
sh'>\vn in VU^. \l]7. In eases where beams are spacvd closer than 
this, a siniijle angle with the recjuired number of rivets is used in the 
oiitsiile of eaeli web; or where there is sufficient depth of ginler a 
slu^lf anoxic below tlu* beams can be used. In this case stiffeners 
fittetl to the outstaudini; le»; of the shelf an^jjle should be used, as under 
detleetion the beam will lu^ar near the outer edge of angle and without 
the stiiVeners woulvl tend to break otT this leg. The full nunilxT of 
rivets retiiiinul to earrv the load should be put in the stiffeners and 
shelf, even if andes on the web of the beam are used to hold it laterally. 
It is not <j:oo<1 design to rely on the combined action of two sets of 
eonneetions, such as a shelf connection described above, and a web 
connection, to earrv a load. In such a ease the deflection of the 
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beam would bring the bearing on the shelf, and this connection would 
take the whole load ; or if the shelf was not stiffened to resist bending 
under the load, this would throw the load on the web connections. 
\Vherever a shelf with stiffeners is used it should contain enough rivets 
for the full load. 

^Miere beams frame to deep girders or to columns, even if the 
connection is made by angles on the web of the beams, it is customary 
to put a shelf angle under the beam. The student should not confuse 
this construction with the one just described. The object of such a 
shelf is to facihtate erection and not to support the beam after the web 
connection is made. Where such an angle is used, therefore, no 
stiffeners should be used under the beam, as these would prevent 
the web connection from performing the work for which it was de- 
signed. The draftsman must see that the connection angles are not 
placed so as to interfere with the fillet of the beam or of the girder. 
This consideration arises where the connection is raised or lowered on 
the beam, or where the beam does not frame flush with the girder, 
or where a small beam frames flush with a large one, as for instance 
a 5-in. beam to a 24-in. beam. Fig. 30, Part I, gives rules for deter- 
mining the distance from outside of the flange to the commencement 
of the fillet. These distances are given also in the Cambria Hand- 
book. It is possible to encroach a little on the fillet but generally 
not more than J in. 

The standard form of connections of beams to colunnis is hv a 

%■' 

shelf angle with the stiffeners under it, with the recjuired ninnber of 
rivets, and with a cap angle over the top. The beam is riveted both 
to the cap and the shelf angles. Generally there are four rivets in each 
flange — sometimes only two in each flange are used. The shelf 
angle is usually a 6 X 6 X 2-in. angle and the cap angle a - (> .-' ^'^^^' 
in. angle where four rivets in the flange are used; if only two rivets 
are used the outstanding leg would be 4 inches instead of (i inches. 
The size of stiflener angles varies with the siz(» necessary to conforin 
to the rivet pitch of the column, and to keep the outstanding leg of 
the stiflener the required distance from the finished line of the colunni. 
As stated previously, the deflection of the beam tends to throw the 
loa<l near the outer edge of the angle and therefore the stiffener 
should come as near this edge as is practicable. Another point to 
be considered in choosing the size of stiffeners is to bring the out- 
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standing leg as near as practicable under the center of the beam as 
this is the jmrtion of the shelf loaded b^ the beam. It is not always 
practicable to do this, however, and sometimes two stiffeners arc used 
coming a short distance each side of the center of the beam. 

A giMxi many designers use only one stiffener uniler a beam or 
girder, and as the load to the stiffener comes from the outstanding 
leg, this brings a moment on the rivets through the other teg of the 
stiffener. For usual sizes of l>eams, there is probably ample strength 
in the rivets to provide for this moment. It is better design, how- 
ever, to u.se two stiffeners back to back, with rivets connecting the 
outstanding legs, as shown in Fig. 217. This avoids the strain due to 
the moment on the rivets antl also distributes the loatl to the column 
symmetrically with regard to the axis, instead of entirely on one side. 
These points are of very great importance where heavy girders or 
unusually heavy concentratetl loads are concerned. Special column 
connections will be taken up later on. 

The connections of Ijeams to double l>cam girders, involve the 
consideration of a number of practical points peculiar to each case. 
These Warns are generally bolted together with only a slight space 
between the flanges, and if the girder rests on a column, the holes 
must be arrangetl where they are accessible. In general this would 
l>e in the outside flanges unless the end of the girder was exposed so 
that the inside flanges could be reached. 

Where beams frame to such a girder they cannot Ik.- riveted 
unle5.s it is possible to rivet all the lines of such coimections to each 
l>eam comprising the girder before they are brought together and 
bolted up. \\'here there were several lines of such girders it would 
l>e difficult to do this for all of them. In many ca.ses, tlierefore, 
these connections have to be arranged for bolts to go through both 
Ixrams of the girder. ^\lierc double beam girders frame into another 
girder the connection can only Im* made by single-angles on the outside 
of the webs, unless the beams are spreail far enough apart to allow 
bolts or rivets on the inside to be reached. If the girder carrj-ing 
the double beams is deep enough a shelf connection can of course 
be used, and this would be preferable to the single-angle connection. 

Connections by angles on only one side of the web, as shown 
in Fig. 1!>3. should always lie avoided if possible, as they are subject 
to a bending moment on the rivets in the same Fay noted for single 
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sti£Peners. Where such a connection must be matle sufficient extra 
rivets should be used to provide for this moment. The remarks in 
r^ard to double beam girders apply also to girders made up of three 
and four beams. In these cases, however, there must be room for 
connection angles on the inner beams, and if the connection cannot 
be made when the beams are bolted together, it must be arranged 
so that these beams can be erected before the outside ones. In such 
an arrangement it is ob\ious that the standard form of cast iron plate 
separators could not be used very readily unless rods were used through 
the separators instead of bolts. 

In Figs. 131 to 140, Part II, are sho\^Ti cases of special framing 
to which the student should refer again and become thoroughly 
familiar with. 

WTiere different sizes of beams frame opposite to the same girder 
it is necessary to change the position of the framing angles on the 
beams in order to use standard connections in each case. These 
changes in position are generally made to conform to standard prac- 
tice, which is illustrated in Part II and which in gt»neral is as follows: 
In all cases except where one of the beams is a 7-in. l)eam, the first 
hole is SJ in. from the flanges which are flush with each other, and 
standard angles are used, ^^^lere one of the l)eams is a 7-in. lx»ani 
and the other is either a 6,8,9, 10 or 12-in. beam the first hole is 2h 
in. from the flush flanges; for a 12-in. l>eam the first hole is 2J in. 

Fig. 190 shows the Carnegie code of conventional signs for rivets. 
It is important to follow the code in use by the particular shop for 
which the drawings are intended, as only by the ust* of such signs can 
elaborate notes be avoided. 

Illustrations of Details. Fig. 195 shows a detail of a 
punched beam. Note that there should always he a single overall 
measurement on the sketch. Groups of holes, as for instance holes 
for connections of other beams, as shown in the top flange and the 
web, are located by fixing the center of the group. The reason for 
this is that the beam on which is the framing connecting to the holes 
is located by its center, and therefore it is iniportant to locate this 
exactlv. If the holes are svinmetrical with regard to the center it is not 
necessarj- to dimension each hole from the center, hi. ^ simply to give 
the distance between them, corresponding with the distance in the out- 
standing legs of the connection angles on the beam framing to this one. 
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In the case of a channel it Is the back of web rather than the 
center which is always located. For the holes for connections of a 
channel, therefore, the position of the back of channel is fixed, and 
then each hole in the group forming the connection must be located 
with respect to the back of channel as the group is not central with 
regard to the back. For an example of this see Fig. 196. It always 
adds to the clearness to put near each group of holes forming a con- 
nection for other beams the size of beam or channel connecting to it. 
Holes at ends of beams for connecting to columns or for anchors 
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are ^(Mierally spaccMl l)y an indej)en(lent set of measurements from 
the end of the In^im. 

The student should note that l)€ams cut by the mill without 
special (hreetions being given are subject to a variation in length of 
U in. un<hr or over the length .specified. If the beam rests on walls 
such variation is unimportant. If, however, it frames between col- 
umns and has holes eonnecting to the colunms, such variation could 
not 1m^ allowed. For this reason measurements of such beams should 
always be marked "exact" or else at end of the sketch should be 
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printed "column end } in. clearance". With such instructions, or 
similar directions in other cases to indicate how the beam rests with 
respect to other work, the mill will take the necessary precautions. 
In the case of framed beams, for instance, such notes are not neces- 
sary, as it is self-evident that no variation at these ends can be allowed. 
Fig. 196 shows a beam framed into another beam, the relations 
of the top and bottom flanges being such as to avoid coping. Note 
here that it is necessary to give an end view to show the spacing of 
holes in the outstanding legs of connection angles. Note also the 
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specification as regards these angles. If the connection Is standard 
and is placed centrally with the l^eam, always say *^standard connec- 
tion". In such cases if the shop is familiar with the standards re- 
ferred to, an end view is not always necessary. If the connection is 
not placed centrally with the l>eam, or if the spacing of the holes in 
the legs varies any from the standard it is customary to write "stand- 
ard connection, except as noted ". 

The first set of holes from the left-hand end in the web is for the 
connection of an 8-in. beam framed to this l)eam. Note that 5]^ >n., 
the spacing horizontally of these holes, and 2\ in., the spacing verti- 
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of beam required to give the specified bevel should be given. Fig. 
198 shows a beam ginier bearing a shelf angle for the support of wind 
joists, or a terra cotta arch of different depth from the beam. This 
requires an additional line of dimensions, giving the rivet spacing 
and the length and position of angles. The maximum rivet pitch 
of six inches is generally used. Where this angle interferes with 
connection holes or separator bolts, as in Fig. 198, it has to be cut, 
and in such cases the rivet pitch must be figured out to agree with the 
measurements fixing the connection holes or separators. 

At the top or bottom of a sheet, such general directions as apply 
to the work as a whole are given, as "Rivets, J in. diam. except 
noted". "Open holes [J in. diam., except as noted". "Paint, one 
coat Superior graphite". 

The student should carefully study all the dimensions in con- 
nection with the cuts, and should thoroughly understand these and 
the problems before starting on the subject of detailing from a plan. 
Note at each side of a beam sketch, are figures preceded by a plus 
or minus sign. These measurements denote the distance from the 
end of the beam in the sketch to the center of the l)eam or column 
or other member to which it connects, or the distance from face of 
the wall to end of the beam. These figures are not necessary for the 
c^omplete detailing of the beam, but they are of great assistance in 
checking the drawings, as they show just how much is to be added 
to or substracted from the measurements on the setting plan to give 
the length of piece as detailed. 

PROBLEMS. 

1. Practice making freehand letters of the style shown on the 
details, both capitals and small letters. Make the letters in each 
word of uniform size, also practice making letters of different sizes. 
This is important as it is often necessary on shop drawings to put 
a note on a part of the drawing where space is very limited, and the 
writing must be small. Make a copy of the alphabet (capitals and 
small letters) and a copy of the numerals; also print the following in 
three sizes: 

"All bearing plates to be faced." 

One size to have a height of i\ in. for the small letters, another size 
J in. high, and the third size j\ in. high. 
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2. Make a shop drawing of a 6-in. I-beam, 6 ft long, with two 
holes for |-in. rivets in top flange at each end, and IJ in. from the 
ends. Also make holes for |-in. rivets spaced 6 in. apart in the 
middle of the web for the full length. The end holes should be 3 in. 
from the end of the beam. 

In this example, the only work specified is the punching of the 
rivet holes, and therefore, as no other work is required, the shop 
drawing will consist only of the outlines of the beam, \nih the rivet 
holes located on the same, and the spacing of the rivets shown by 
dimension lines, as indicated in Fig. 196. 

3. Given a 20-in., 05-lb. I-beam 22 ft long, framed into a 20-in., 
80-lb. I l)eam. The 20-in., Go-lb. I-beam has a 15-in., 42-lb. I-beam 
framed into each side every 5 ft. 6 in. with its top flush with the 20-in. 
I-beam. If the reaction of each 15-in. I-beam is 7 tons, state the 
number of f-in. rivets required for the connections of the 2(V-in., 
05-11). l)eam and for the connection of the 15-in. beam, using 9>000 
pounds for shear and 18,000 pounds for l)earing. 

4. Make a shop detail of the 20-in., 65-lb. beam in the above 
problem, using standard connections. 

DETAILING FROfl FRAMING PLAN. 

The student should now Ix^come familiar with detailing from a 
framing or setting plan. Fig. 190 shows such a plan upon which 
is all the information necessary to detail the different members. 
The information given on such a plan is taken from the various 
general plans of the building. This framing is designed for a terra 
cotta arch except the portion having O-in. l)eams which is under a 
sidewalk. '^Fhesi* beams, therefore, are on a pitch indicated by the 
arrows and the figures .375 which is the pitch in inches per foot. 

'^Fhe detail of these (i-in. beams is given in Fig. 200. Note that 
at the right-hand end is shown in outline the girder to which thev 
frame, to indicate that it copes on a level with this girder. Note 
also that its the weh of this girder is vertical while the beams pitch, 
thr framing angles have to set on a slope with reference to the axis 
of the (>-in. beam, which slope is given always by a triangle of meas- 
urcments, one side of which is 12 in., and the other side inches or 
fractions. Never use decimals for this slope on the details as the 
men at the shop are used to working only to inches and the nearest 
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sixteenth. On a plan it is well to give the slope in decimals, for if 
it is a fraction over or under a sixteenth, in a long slope some error 
might result in calculating the difference in grades unless the exact 
dedmal was used. 

The length of these l)eams is fixed by the measurement from the 
center of the girder to the face of the wall and the l)earing of the beam 
on the wall. This bearing is generally 8 in. or more. The allowable 
pressures on masonry are given in Part I, and by computing the 
reaction on the wall, the proper bearing to give can be determined. 
For the smaller sizes of beams a method would give a result less 
than 8 in., but this should be used in such cases where possible. 

The connection holes for beam No. 5 are on a pitch with refer- 
ence to the axis of the beam, since the webs of beams No. 7 and No. 8 
set vertically. 

The tie rod holes are dimensioned on the detail but not on the plan. 
These holes are rarely spaced on the plan, but must be on the details. 
The measurements are such as to follow what is indicated l)v scale on 
the plan- and avoid any other holes or connections such as connections 
for beam No. 7. Tie rod holes should be shown in groups of two, even 
if only one rod bolts to the l)eam, as in the case of channel No. 2. 

Fig. 201 shows the detail of channel No. 9. This channel re- 
ceives the ends of the terra cotta arch along the back and so it is 
necessary to rivet an angle on the bottom for the skewback of the 
arch to rest upon. Note that this stops a Httle short of each end in 
order to clear the connection angle at one end and the faces of the 
wall at the other. If the connection angle did not interfere, it would 
be well to run this as far as the flange of No. 15, and cut it to give, 
say i in. clearance from this flange. Note tlie connection lioles at 
the left-hand end for a 9-in. channel have a standard connection. 
WTiere the beam or channel is st»t Ix^fore the brick wall is carried u|), 
this of course can he done: if the wall is alreadv in, it would be neces- 
sary to use an angle on one side only. 

There is 1 in. from the center of the holes for the connections 
to the upper edge of the 3 X 3-in. angles. Hie coiniection angles for 
these Ix^ams come on the inside of the 10-in. channel and clearance 
for driving the rivet on the back is all that is rccjuired here. If the 
l)eams were framed to the back of channel, this angle would hav(» tu 
be cut each side of the connection. 
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Fig. 202 shows the detail of beam No. 11 which frames to beam 
No. 9 at one end, and at the other end comes on a lintel at such a 
grade that the beam cannot be framed to the lintel, and owing to 
the small depth of the lintel, it is not possible to put a shelf angle 
on to receive the end of the 9-in. beam. The most practicable 
way, therefore, is to cut the 9-in. beam and rivet on angles which 
will bear directly on the top of the lintel beams. These angles have 
generally either a 6-in. leg or a 5-in. leg in order to contain sufficient 
rivets to take the reaction of the beam at this end. In this case, 
the cut being small as regards the depth of beam, there is sufficient 
web area along the inside edge of these angles to provide for the shear. 
If the l)eam had been a deeper one, and the end reaction much 
larger, this might not have been the case. The shear angles would 
then extend back to the uncut portion of the beam far enough 
to provide rivets to carry whole reaction to the angles, and the same 
number of rivets would l)e recjuired in the portion over the bearing 
area. In general, this construction which is shown by Fig. 130, in 
Part II, should Ix; followed. The holes in the horizontal legs of these 
angles must Ik* spaced to agree with the holes in the flanges of the 
lintel beams, and are determined by the spacing of these l^ams and 
the standard gauge in the flanges. Note that ^'^U' rivets are the 
maximum which can be used in the flange of a 7-in. l>eam, and that 
the holes for tie rods are not in the center of the beam. The posi- 
tion of such holes varies; sometimes they art* specified to be near 
tlie bottom of the beam. At other times wliere different size beams 
are used, as in this (»ase, the spacing is such as to approximate the 
centers of all. 

Fig. 203 shows the detail of the lintel l)eams to wliich beam 
No. II connects. The table on page 44, (^ambria Handl)ook, gives 
the standard spacing f(^r double beams. These spacings cannot 
always be followed. In this case the beams are spread more so as 
to bring the flanges nearer to the outside faces of the wall which rests 
n])()n them. Si^parators art* always placed at ends over the bear- 
ings and at varying distances, center to center, as noted in Part II. 

Fig. 204 shows the detail of No. 15. ()bser\T the diiference in 
details of two ends; one coming on the cast inm column and one on 
the steel column. 



226 



STEEL COSSTRnCTIOS 




:^ 



1 







< <- 




•?j^r^^V -^ ^-J 'f? 



F:^. IV^. 



to 

i 



f 



6 
J?* 



.1 
I 



828 



STEEL CONSTRUCTION' 219 

As the beam is a 15-in. beam, while on one side is a 12-in. terra 

^z^tta arch, it is necessary to provide an angle on this side. The 

^Dottoms of the 9-in. beams are 3 in. above the bottom of this 15-in. 

^rder, and if the connections were central with the 9-in. beams, 

"the first hole would be 6} in. from the bottom of the 15-in. beam. 

In order to get clearance between this hole and the upper edge of 

shelf angle sufficient to drive the rivet, and to avoid cutting the 

angle at each connection, the shelf angle is dropped, making the 

upper side of the outstanding leg flush with the bottom of the 12-in. 

beams, and the connection on the 9-in. beams raised J in. 

Fig. 205 gives the detail of beam No. 12. In this case, the 

length of beam cannot be obtained directly from the framing plan, as 

the beam No. 1 is not perpendicular to beam No. 12. The difference 

in measurement of the ends of No. 1 from the wall line is 1 ft. 10 in., 

and the length parallel to this wall and square with beam No. 12 is 

12 ft. 8 in. from the center of the column. As No. 12 is 4 ft. 2\ in. 

from the center of the column, the bevel from the column to No. 12 is 

4.21 

X 22 = 7.31 inches, or 7{'q in., to the nearest sixteenth. 

The length of No. 12 from the face of wall to center of No. 1 
on this line, therefore, is 14 ft. 10} J in. The bearing on wall l)eing 
8 in., and the clearance at the other end \ in., the total length of 
beam is 15 ft. 6^^ in. 

The girder No. 1 coming under the sidewalk is 4 in. lower than 
beam No. 12. This is not enough to get a shelf angle on the girder, 
or to get angles over the top of the girder, as in the case of beam 
No. 11. It is necessarj', therefore, to drop the connection on No. 12 
and notch the beam over the top flange of No. 1. This notching is 
not figured on as reducing the required number of rivets in the con- 
nection, but does give an added element of strength and of stiff- 
ness. In order to get the connection in, it is necessarj' to go within 
1 in. of the bottom flange of No. 12 and the top flange of No. 1 ; thus 
encroaching somewhat on the fillet in each case. As the rec|uir(!d 
numl)er of rivets can not he obtained in two lines, tis is generally the 
case, it is necessary to use sj)ecial spacing as shown. The connection 
specifies bent plates rather than angles; where the bevel is over 1 in. 
to the foot, it is customary to use plates. 
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Fig. 200 gives the detail of channel No. 17. This channel has 
a single angle framing. This is a case where the channel comes into 
a wall so that a ccmnection angle on the back side cannot l)e reached. 
In order to get the necessary number of rivets in the outstanding leg, 
therefore, a 6 X G-in. angle must be used. The holes at the left- 
hand end in the web are for the connection of a channel similar to 
what is shown in the end view. 

These holes are located 
from a line which in turn 
is located from the end of 
the channel; this axis is 
the back of the channel 
framing in. 

Fig. 207 gives a schedule 
of tie rods and of field 
bolts, and of bearing plates 
for the framing as shown on 
Fig. 199. 

Note the over-all lengths 
of the tie rods is 3 in. longer 
than the length, center to 
center of beams. This al- 
lows \\ in. for the two 
nuts, about \ in. for half 
the thickness of the two 
webs and about -\ in. pro- 
jection of rod beyond the 
nut. 

The length of field bolts 
is alwavfJ given from the underside of the head to the end of the bolts. 
The ^rip is the thickness of the metal between the underside of the 
hciid and the nut ; that is, the thickness of the connection angles and the 
web. A ])r()jection of \ in. or \ in. l)eyon(l nut should be allowed for. 
Fig. 2US shows the setting plan of another floor, a part of which 
the student will be reciuired to detail jus problems. 

Fig. 209 shows the detail of the beam girders, Nos. 2 and 3. 
As the l)eams are spaced close together, connections can be used only 
on the outside of the webs. The same number of rivets in the out- 
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standing legs must, of course, be useil, as would Ix^ reciuired for a 
double-angle connection, and more rivets must l)e used through the 
web, as these are in single shear instead of bearing or double shear. 
In the case of the l)eams shown, seven rivets are all that are necessary, 
although the standard connection recjuires eight. 

In such a connection as girder No. 2 to girder No. 1, it is neces- 
sary to use Iwlts, as there is no way of riveting. In the case of the 
connections of beams to girders Nos. 2 and 3, rivets might be used 
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by separating the two l)eams forming each girder and sliding the 
framing of each outside bay over on the wall far enough to get in 
l)etween the l)eams of girders to hold the rivets. After all the beams 
had been riveted up, the whole frame could then be moved back into 
position, and the girders bolted up. Such an operation would be 
expensive, as it would require considerable extra moving of the beams. 
In general, bolts through webs of both beams would be used. If the 
connection was very heavy or the greatest possible number of bolts 
barely sufficient for the load, turned bolts should be used. In this 
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ra.se, the holes should l)e punched ^\ in. smaller than the diameter 
of the rivet, and then reame<l to a diameter j^^ in. larger than the rivet 
so as to remove all ragged edges; the l>olts would he turned down to a 
true diameter, the exact size of holes, for their whole length. 

Fig. 198 shows the detail of ginler No. 1. This girder receives 
a terra c»otta arch on each side and as the girder l)eams arv deeper 
than the floor l)eams, angles must Ire used to receive the arch. These 
angles have to In* cut to dear the connection angles on the beams 
framing in, however. The separators must l>e spaced so as not to 
interfere with the rivets in the shelf angles. 

The student should carefuUv studv everv detail shown in the 

»' *■■ »■ 

preceding cuts, and should thoroughly understand everv feature of 
them and everj' note, and the reason for all the s[)ecial features aj)- 
pearing in them. He should work -out for himself all the nieasurc*- 
ments given hv the details so that he will understand these and know 
just how to pr(K»(*e(l in other cases. 

ft 

PROBLEMS. 

L Make a shop detail of a l()-in., 2r)-ll). beam, 12 ft. long, 
resting S in. on a brick wall at each end and having holes for ancliors 
at each end, and holes for tie rods in the center. 

2. Make a shop detail of a 12-in., 4()-Ib. beam, IT) ft. long, 
framing into a l.Vin., 42-lb. beam flush on bottom at one end and 
into an IS-in., oo-lb. l)eam 1 in. below the toj) at the other end. The 
12-in. lH\im has holes for three S-in., iS-lb. beams with stanthird 
connecticms spaced equally throughout the length, center to center, 
l)etween ginlers. 

3. Make a shop detail of a 0-in., 21 -lb. Ix^am with a 4 - 3 r' jj- 
in. angle riveted to the l>eam the full length. This angle to be placed 
with the horizontal leg down and as near the bottom of tlie !)-in. beam 
as ])OSsible, and the 4-in. leg to be out. The beam rests on a wall 
8 in. at each end and it is 13 ft. 9 in. between walls. 

4. ^lake a detail covering channels NO. 7 and No. S, sliown in 
Fig. 199. 

5. Make a detail of channel No. 17 in Fig. 199. 
(). Make a detail of channel No. 10 in Fig. 199. 

7. Make details covering the .") to S-in. beams, and the 14 to 
17-in. beams in Fig. 20S. 
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COLUMN DETAILS. 

There are five main features in the detailing of a t-ohimn. 

1. The base or foot of the cohinin. 

2. The shaft i>r tlie line members eomiMisiiig the coliiiiiii. 

3. Tlie cap or top of the column. 

4. The connections for other members to tlie cohima. 

5. The bill of material ret|uired to make up llic complctcdl 
column. 

A column detail is of necessity" more complicated than a beainfl 
detail and may at first appear so confused as to be UDintelligible.! 
If the student will bear in minit, however, these five featiires and takeg 
each by itself, it will soon Itecnme clear. 

Details of Base. The character of the base or foot of thel 
column depen<ls u^n what it rests. If this is the first section of tliefl 
column, it will generally rest on a cast iron ribbed base, or a plain^ 
steel or cast iron plate. It is the duty of the designer and not of the ] 
draftsman to determine which one of the.se ttill be used. 

Fig. '224 sliows a detail of a foot of a column resting on a cast I 
iron ribbed l)ase. The base is always designwl so as to take the load 'I 
of the column by direct bearing Ijetween tlic line memliers and ihel 
top of the base, iinil the angles which are riveted to tlie coluain are J 
intendetl simply to hold it in position in the base. 

If a plain cast iron plate is used, a connection .similar to tlie 4 
alKive would generally he used, liecausc in this ca.se the load would'! 
be light and the plate tliick enough to withstand the upwani pressure i 
without spreading the foot of the column. Such plates must be t-al-l 
culated in the same way explained for bearing plates unilcr beams. 
See I'itrt II, jiage DO. The projection of the plate l>evond flic shaft I 
is e.xposcd to bending just as the plate under a Ix'am is where it pro- I 
jects l)eyond the flange. 

If a steel base plate is useil, this is generally riveted to the col- 
umn anil the load then must Ije spread out beyond tlic lines of the | 
shaft by vertical plates or angles, called shear plates or angles, so I 
U> avoid an excessive bending moment. The size and shape of j 
this plate are determined by the area required to pro]icrly distribute I 
the loa<l on the ma.sonry and the direction in which the ffwt can l>e 
most readily spread by means of the shear plates and angles. The ] 
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the column in place, but this ia one very generally used. The relin 
tion of the bottom of the base plate to the finished floor line sbouldt 
always be given to enable the plate to be set at the proper grade. 

Connection of beams to cohmins la by a shelf under the bean] 
and a lug bolted to the web to hold the Ijeam in position. The topi 
surface of the bracket should slope aliout I'j in. so as to avoid tbefl 
tendency of the beam when it deflects to bring the load on the outer! 
edge of the bracket. 

The lugs are generally i or j in. thick. The bracket shouldl 
of course be wide enough to rccei\'e the flange of the beam. Tl« 
thickness of the bracket and rib under it varies with die load. Thi«^ 
rib in general is beveled at ana 
angle of 30 tlegrees with the axial 
of the column, The accompany-j" 
i[ig table gives the thicknesses J 
which are sufficient for mostl 
cases. I 

The lugs are braced by ribsl 
back to \he column shaft i 
to prevent being broken off.j 
The flange at the top whichi 
connects the two sections of thel 
columns may be j in. or more, upl 
to 1^ in. in some cases; for usnati 
sizes of cohmins, } or I in. igil 
sufficient. The holes in the| 
flange must be spaced so 
enable bolts to be turned upl 
without interfering with the shaft ' 
of the column and the distance 
from the top of the beam to underside of the flange must be sufficient 
for this purpose. 

Fig, 21 1 gives the details of the beam connections, and the cafM 
for column No, 2 m Fig. 199. This is not a complete shop detaUT 
but shows one of tlie steps in the complete detailing of a cohimal 
which is generally the first step; namely, the drawing nf connections,! 
locating the same on the shaft and spacing rivets in the connectionj 
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Note that the spacing for holes in the cap and in the shelf angles 
is given in a separate plan, and in this plan the holes are located 
with respect to each angle and are also located by measurement 
between holes on opposite sides of the axis of the column. This 
is advisable in case there is any variation in the measurement back 
to back of the column angles, or between outside faces of angles. 
After the column is riveted up, other measurements can be adjusted 
to the over-all measurements between holes; this measurement is 
also useful in checking. 

The cap angles are bolted on for shipment. In many cases 
it would l)e impossible to place a beam between the webs of two 
columns without taking off the cap angles; for this reason, cap angles 
on the web should always l^e shipped bolted on. Cap angles on the 
flange, in many cases, do not require to be bolted on. Where there 
are flange plates, the rivets must either be flattened or the beam 
cut short to allow clearance for the rivet heads. Where the spacing 
between tlie vertical lines of rivets in the flange is sufficient to allow 
the flange of the beam to be lowered l)etween them, the cap angles 
could l)e-bolted on and the rivets would not then need to be flattened. 

The draftsman should constantly have clearly in mind what is 
necessary to enable the structure to be erected. The details must 
often be modified in some way to avoid a construction in w^hich it is 
impossible to erect some member. 

The outstanding legs of shear angles under the brackets are 
here shown riveted together. As previously stated, many details 
are made with only one shear angle, and where two are used they are 
not always riveted together. For ordinarj' loads it is not essential 
to rivet them together, but is l^etter construction and should always 
be done where the loads are very considerable. 

Fig. 212 shows the detail of a column composed of two angles, 
back to back, and Fig. 213 gives the bill of material. The only 
loads in this case are from the beams over the top. If a beam was 
framed into the shaft of the column parallel with the axis of the 
two adjacent legs, a connection of a plate riveted to these angles 
with shelf angles riveted to this plate similar to what is showTi for 
the head, could have been used. The student should study care- 
fully the bill of material of this column, and thoroughly understand 
each item and the notes regarding the shop work to be done. 
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Fig. 214 shows tlie second section of a box coluron made of two 
ohaiinels with flange plates. Table V, Part I, gives the distance 
back tci back of channels, in order that the radius of gyration shall 
be etjual aljout each axis. In a box column the distance back to 
back of channels, should never be less than this. The Carnegie 
Company and mo.st other shops have standard spacings for sucb 
columns which should in general be followed. 

As the flange plates on this section are not as thick as those on 
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TliiTc AW fwi> bi-iuns frauu'il lo cai'li flange of this column so 
that rhr .shear iiiij,'l's wxc sprcail ti. conie a.-: nearly as practicable 
iMiiliT the well iif the beams. 'I'Iicm- jnifjle.s cannot always Ik- mn<le 
tu ri.iiii- (lircctly under the web uu account uf the relation tn'tween 
the spacing of Wanis and the spacing of rivets through flanges of 
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channels of columns. Some variation in size of angles can be made, 
however, at times to effect this result. 

WTiere box columns are used, it is better to keep the spacing 
back* to back of channel the same throughout all sections. If this 
is less in the upper sections, it brings the load of this section on to the 
horizontal splice plate between the sections. The distance between 
the cap and shelf angles is generally J in. more than the depth of the 
beam, to allow for clearance. The rivets between the cap and shelf 
angles are flattened here, as with one beam in position there would 
not be space to lower the other beam between the rivet heads. 

Fig. 215 gives the bill of material for these box columns. Fig. 
216 shows the framing of the beams coming on columns No. 1 and 
No. 2. detailed in Fig. 217. This column has a heavy steel base 
riveted to it. The load on the section is 265,000 pounds and it will 
be seen therefore that the rivets in the shear plates are amply suffi- 
cient for the portion of the load coming upon them. The plate W 
riveted to the web increases the bearing area of the foot of the column 
and adds somewhat to the efficiency of the base. 

In this connection and in such cases where shear angles are 
used over a shelf angle involving the use of a filler, below the shelf 
angle and back of the shear angles, as shown by the details of this 
column, the student should note the difference between a tight and 
a loose filler. 

Fillers G and R are loose fillers. They have no rivets holding 
them individually to the main members. The stress in the rivets 
through such a filler does not go into the filler, as there are no extra 
rivets to take it out again from the filler to the main members. Such 
rivets, therefore, are subject to bending if calculated for their full 
value. They should not be considered for more than one-half the 
value of rivets directly (!onnecting the main members. Filler W is a 
tight filler as regards the two rivets through the angles X on the axis 
of the colunm. A tight filler has provision by additional rivets for 
taking the same amount of stress from itself to the main member as it 
receives. 

The open holes shown in the base plate are for anchoring to 
iii^ footing — such heavy rohmins are not usually anchored except 
in special cases; it Is well, however, to provide for this if there is any 
possibility ot Us being required. 
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found by the fonnulas ustnl in calciilatioii of hoiiins. / -- ' •- where 

M is the bencHng moment in inch pounds, y the distance fmm the 
neutral axis to the extreme AIht, and I the amount of inertia. 

A section must of course l)e assumed at the outset and It mav be 
necessary to modify tins to come within the re(]^iireraents. It is 
necessary also to calculate the stressas at the most unfavorable sec- 
tion^ and to see that there is sufficient metal across the corners to 
prevent cracking diagonally between the foot of the ribs on adjacent 
sides. 

Different sections of columns wcjuin*, Jis previously stated, 
different sections of. box under the column, and this would affect 
the arrangement of the ribs more or less. These ribs in general 
should be at an angle of 45 or 60 <legR*es. In some cjises lower bases 
can be used, but these are of course* sul)j(*ct to greater InMiding strains. 

PROBLEHS. 

1. Given a 12-in., 31 j-lb. In^am framed to a column at each end, 
the distance between faws lx»ing 12 ft. 21 in. The beam has two 
7-in., 15-lb. I-beams frame<l on one side and opposite these in each 
case is a 12-in., 31 Wb. I-l>eam. The distance from center of con- 
nections to the face of the column at each end is 3 ft. .")] hi. Make 
a shop detail of the 12-in. ginler, all beams being flush on top. 

2. In the above problem, if the 7-in. beams frame at the other 
end to a 12-in., 31 J-lb. lx»am along a wall, both being flush on top, 
and it is 11 ft. center to center of girders, make shop details covering 
both 7-in. beams. 

3. Given a 15-in., 33-lb. channel framed to a column at each 
end, the distance being 16 ft. oj in. lK»tween faces, and the channt»l 
having a 3.V >' 2i >' ]-in. angle on tlie back side, with the long leg 
vertical and IJ in. from the bottom. A lO-iii., 2.")-Ib. beam frames 
flush with bottom of the channel o ft. 41 in. from face of each cohnnn. 
Make detail of alx)ve. 

nill Building Columns. Fig. 223 gives the detail of the 
columns shown in Fig. ISO, Part 11, and by the j)late on the prt»ce<ling 
page. This is a latticed channel cohnnn. Kacli flange is double 
laced, that is, it has two svstenis of lattice bars. In nianv cases such 
columns have onlv one svsteni across eadi flanire: in such cases the 
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bars on oni" flange woiiltl cntss those on the opposite flange; just as 
if one system shown l)y Fig. IStt was on one flange anil the other 
on the other flange. 




iatirati Ofonsfluiri Of /at m" bx* of/t'rrit. 
Graari giftn arr afsfonfei irrinthes fyem fcfi of ffnittti/ 
fini floor to unettf i>ar of Starr's 

Fib- 226. 
This column has a bracket for a crane track ^rtler with a dia- 
phragm l)racing the crane ginler to the cohimn. The roof column, 
as shown by Fig. ISfi, is a plate and angle colnnm and sets down 




between the channels, as the web nuis at right angles to the well of 
the channels. It is always better tt> avoid re-entrant angles in a 
plate if possible. In a case like tliis wliere a bracket plate comes into 
the lines of the column at the too and there is a olate the width of the 



244 



STEEL CONSTHUCnON 



flanges above this point, it is better to make this a separate plate. 
If this j>late is necessary for the eflfective area of the column the joint 
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ciin bt' fa<'t'(l. Tlie l)ra('ket and sliclf angles on the plate are for a 
beam franu'd Ix^twecn colunnis. 
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Fig. 232. 

The student should be able to follow this detail and understand 
all the points without further explanation. 
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Fig. 224 shows another type of column made of a web plate and 
four angles with channels across the flange angles, the flanges being 
turned in. 

There are various reasons for turning the channels with flanges 
in; here it is desirable to have a 10-in. arch for stiffness, and the thick- 
ness of the wall in which this column comes makes it necessary to 
turn the flanges in; this also allows the column to set flush with the 
inside face of the wall and gives a smooth surface. Then again, 
this gives good connection for the cranes girder bracket and for 
the wind strut below, at N and O. 

The top of this column receives a heavy floor girder and another 
column; the latter column is made of a smaller web so as to provide 
a seat over the main column members for the girder. Fig. 225 gives 
a detail of the wind strut which frames between the columns. 

In columns of the type shown in Fig. 224, the dimensions must 
be such as to give room between the flanges of channels, and between 
the flanges and web, to rivet up the different members. 

For light building construction columns are sometimes made of 
hollow iron pipe fitted wnth a cast iron cap and base. The dimen- 
sions, weights, etc., of standard steam, gas, and water pipe, as manu- 
factured by the American Tube and Iron Co., will be found on page 
344, Caml)ria Handbook. Fig. 233 gives a diagram giving the 
"strength of wrought iron pipe lu compR^ssiou*' according to the 
formula 

l()7r)() - 3<)9 

r 

in which Jj — length of column in feet 
r — least ratHus of gyration. 
For example, suppose we wisli to select a size of j)ipe suitable 
for supporting a load of 25,(K)0 pounds, and having a length (or 
height) of fifteen feet. Along the left hand side of the diagram, 
under "thousands of pounds" find 2.") (l.e, 2.") thousands), and then 
find the length ( ~ IT) feet) along bottom line of the diagram. Fol- 
low the vertical line at lo feet until it intersects the horizontal line 
through 25 thousands, and the nearest inclined line ahorc that ])oint 
will give the diameter of the pipe to l)e used. In this case a 5-in. 
diameter will be recjuircd. 
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PROBLEMS. 

1. Fig. 226 shows a framing plan on which is all the informa- 
tion necessary to detail the difFerent members. Make a detail of 
column No. 4, i:ssuming that the bottom of the column rests on a 
cast iron web base 12 ft. below the top of the 15-in. beam No. 9, and 
that the column is arranged to receive another column of the same 
size, the joint being 1 ft. 6 in. above the top of the 15-in. beam. 

2. Make details covering the 10 to 13-inch beams in Fig. 208. 

3. Make a schedule of tie rods and of field bolts required for 
all framing shown in Fig. 208. 

4. Suppose that in Fig. 199 the cast iron columns had a 12-in., 
31J-lb. beam instead of the 15-in. beam, a 7-in. instead of the 10-in. 
beam, and a 9-in. instead of the 12-in. beam, and that all beams were 
flush on top and the other features the same as shown in Fig. 210. 
Make a detail of such a column. 

5. Make a bill of material for the column shown in Fig. 224. 

6. Given a portion of a framing plan a^ shown in Fig. 220. 
Make shop details of (a) beam No. 1 resting on the column, (b) beam 
No. 2, and (c) channels No. 3 and 4. 

7. Given a lx»am box girder framed between two columns as 
shown in Fig. 227. ^lake a shop detail of this girder using a uniform 
pitch of rivets of 3 in. in the plates. 

8. Given i\ lintel composed of two lO-in., 15-lb. channels 
framed between two columns, the channels being placed with the 
flanges turned in, 10 in. back to back, and 14 ft. 8 in. between the faces 
of columns. ^lake a complete shop detail and order for all parts. 

9. Given a pit under an elevator to be framed with 3 X 3-in., 
6.6-lb. Ts, 17-in. on centers, to receive terra cotta tile. These Ts 
frame between the webs of 15-in., 42-11). I-beams at each end, which 
are 7 ft. 3 in. center to center. The distance* from the top of tlic Ik ams 
to the bottom of the flange of the Ts is G in. !Make a shop detail 
of the Ts. 

10. Given a portion of a framing plan as sliown in Fig. 22S. 
^lake a shop* detail of beams No. 1 and 2 wliicli arc framed between 
columns. 

IL In tlie above plan make detail covering l)eams, No. 4 and 5. 

12. (liven a 15-in., 42-lb. beam framed between the webs of 
two columns, 20 ft. 8 in. center to center on a line perpendicular to 
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PART IV 

RIVETED GIRDERS 

Functions of Flanges and Web. Riveted girders are made up of 
two general parts (a) — the top and bottom members — which are 
termed, respectively, the top and bottom flanges] and one or more ver- 
tical plates (6), called the web-plaie, connecting the top and l)ottom 
flanges. 

Girders of one web-plate are called singU-xveh girders; of two 
plates, dovble-^web girders; of three plates, triple^veh girders. Figs. 
240, 241, and 242 illustrate these different types. 

The function of the flanges is to take the compression and tensile 
stresses developed in the outer fibers by the l)eam action. The func- 
tion of the web is to unite these two flanges and to take care of the 
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Fig. 240. Fig. 241. Fig. 242. 

shear. These functions are <listinct. In a rolled l)eam, the stresses 
are considered to l^e distributed over the whole cross-section just as in 
a rectangular wooden beam; and this stress varies uniformly from the 
neutral axis. A rolled beam, therefore, is proportioned by using the 
beam formula, and determining from it the required moment of inertia. 
A riveted girder, however, is not a homegeneous section; the 
flanges are separate from the web, except as they are uniteil to it at 
intervals by rivets. For this reason the stress in the extreme fil)ers on 
the compression and tension sides is considered as concentrated at the 
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center of gravity of the flange, and the flanges are «»nsii)cred as taki 
all the compression and tension stre^. 

The l»ending moments caused bv the vertical load^ acting on thel 
girders are considered as r&.fl 
i-sted, therefore, by 1 
tension and compress! 
stresses, which form a coup] 
whose arm is the distance be- 
tween ihe centers of gravity 
of the two flanges, as illustrat- 
ed by Fig. 243. 

Proportioning Ranges 
licferring to Fig. 244, if thi 
bending moment on the girdc^ 



Top F/an qe 



• Span Center ro Center 



Searings 

Fig, 244. 

is M, and /( is the ilistaticp l>ptween centers (if gravilv (if fljitif;es ihe 

M 

-;- — F — the tension and coui|)ression fortt'S necessan' to I>alano< 

the liending moment. 

If /,.= Allowable Stress per square inch in eompresttiim, 

/, = Allowable Stress per stjuare inch in tennion; tiled 

F 

-T •= Area required in compreaaion flanges, and 

F 

■j- - Area required in tension flange. 
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The values of fc and fi vary with the class of construction in which the 
ginlers are used. These are generally specified in each case. The 
usual values for different classes of construction are as follows: 

ALLOWABLE VALUES 

For Buildings: 

ft (tension) = 15,000 pounds per square inch, net area. 
fc (compression) = 12,000 pounds per square inch, gross area, re- 
duced for ratio of unsupported length to width of flange. 
fg (shearing stress) = 12,000 pounds per square inch, net area. 

For Highway Bridges: 

ft = 13,000 pounds per square inch, net area. 

fc = 11,000 pounds per square inch, gross area, reduce<l for ratio of 

length to width of flange. 
fg = 10,0(X) pounds per square inch, net area. 

For Railway Bridges: • 

ft = 10,000 pounds per square inch, net area. 

fc = 8,000 pounds per square inch, gross area, reduced for ratio of 

length to width of flange. 
fg = 8, OCX) pounds per square inch net area. 

The practice regarding the reduction of allowable compression 
stress varies somewhat; hut the following formula is a conservative 
one for general use: 

1 + - ,,- 

5,000 \\- 
where / = Fiber stress to be used in compression; 
/,. -- Specifieil fiber stress unreduced ; 
/ = Length of unsupported flange (in indues); 
W = Width of flange (in inches). 

In ordinary construction, the fact that the two flanges are gener- 
allv made of the same section makes it unnecessarv' in manv instances 
to consider this reduced compression-fiber stress. If the unsupported 
length of top flange is long, however, so lus to make the section deter- 
mined for lK)ttom flange insufficient, then lx)th flanges should be made 
the same as that required by the compression value. 

\Mien the girder is short, and the web-plate is not spliced, allow- 
ance is sometimes made for the portion of the compression and tension 
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which the web may <arrv. In doing this, the net area of the v 

deducting rivet-holes^is consiHereil concentrateil at the <'enters of I 

gravity of the flanges, ami as reducing the re(|uiretl area of the flan^^ I 

Ijy an amount equal to J / /i,, In which / - thickness of web, and A, I 

= depth. When this assumption is made, therefore, tJie retjuired I 

F I 

area of each flange i.s - — ^i li^, in which / is the compression value far I 

the top flange and die ten.sion value for the Ixiliom flange. 

There is a consideralile saving in the templet and shop work if I 
botJi flanges are ma<]e alike; the extra weight in one flange which may I 
1)6 added, will often be more than offset by the saving in shop work. I 

It is a verj' general practice, therefore, to make both flanges alike 1 
in section, determining this bv whichever flange reijuires to l)e the \ 
larger. 

Econ<Hiiical Depth of Web. It will be seen that the areas re- I 
(juired for the flanges are deijenilent on the depth of the web. Where | 
there are no conilitions limiting this depth to certain values, it is tie- 1 
::;rable, therefore, to fix it so as to give the most economical section, I 
For a uniformly distributed load, this depth is generally from \ to I 
^'o of the span. Sometimes several approximations of this depth I 
can be made, and the corresponding areas determined; and then, l 
computing the weights of flanges and web-plates .so determined, 
most economical section can !« chosen. 

In a great many ca-ses, especially in building construction, 
economical depth cannot l>e used, Iiecause of conditions fixing t 
depth with relation to other portions of the construction. In oth 
cases, certain sections of plates and angles must be used in order t 
obtain quick delivery; and accordingly, the depth must lie fixed 1 
harmoni/.e with these sections. ' 

Proportioning the Web. .\s I)efore stated, the function of t 
web is to resist the shear. 

The student should here note that, as explained under "Statics." 
the loading which will produce maximum shear is not necessarily th< 
same as that which causes the maximum bending moment. 

In highway and railway girders, this loading is always iliffi 
In building constniction it is very often different, becrfli.se cert 
beams may frame into the girder over the support unti these 1 
must l»e considered In deteir.iiniiig the .shear although they are not coai 
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sulered in determining the l)en(ling moment. Again, a girder may 
earn* a wall, and a iK)rti<)n of this wall may come directly over the end 
supjxjrts of the girder. This i>ortion will materially increase the 
shear wliile |)erhaj)s not affecting the l)ending moment. 

The general statement of loads to ]ye considered in determining 
the shear where all loads are fixed in position, is to include all loads 
which directly or indirectly can come upon the girder, and to deter- 
mine the maximum end reaction for these loads. (The determination 
of web shear for moving loads, will he treated under **Bridge Engi- 
neering)." Sometimes the shear at one end is greater than at the other, 
in which case* the section is fixed hv the recjuirements at the end having 
greatest shear. 

Having <letermin<¥l therefore, the maximum shear, the recjuired 

S 
area of weh is y = I t h 

u 

in which S = Maximum shear; 

/, -= Allowable shearing stress per square inch of net area of 

web; 
/ = Thickness of web; and 
h = Depth of web. 
The net area is assumed Jis \ the gross area. 

Crippling of Web, and Use of Stiffeners. The value of /« to be 
used depends cm the clear distance between the adjacent edges of the 
top and bottom flange angles, and upon whether or not stiffener angles 
are to l>e used. 

The distribution of the shear over the web causes compression 
forces acting at angles of 45 degrees with the axis of the girder, in the 
manner indicated by Fig. 245. The web, therefore, under these com- 
pression stresses, is subject to failure laterally, just as a long column. 
The allowable shearing stress must therefore l)e reduced by a formula 
similar to the column formula, which may l)e taken a^ 

12,000 _ 

^■^'3.000> 

in which d c =-- distance between flanges; and t = thickness of web. 

Either the web must be made thick enough not to exceed this 

allowable stress on a length 1,414 d c, which is the length on a 45-degree 

line between the adjacent edges of flange angles, or this unsupported 
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length must l)e re<lucecl by using stiffeners so spaced as to cul this 45- 
(legree length down to limits which will conform to the allowable shear- 

ing stress given by the 

formula and to the thick- 
ness of web which it b 
desired to use. 

Webs less than -^^ 
inch thick are rarely 
used. For greater thick- 
nesses, it is a matter of 
economy generally to use 
stiffeners. For very 
heavy loads, however, or 
for long spans, |-inch or 
?,-inch webs would be 
used, with or without 
stiffeners, as might be 
. required. 

^ '^' -^•'*- It will be seen from 

the above consideration, that, where the shear varies from the end 
towards tlie center, the rcfjuired spacing of stiffeners will increase to- 
wards the center, since the area of the web is constant. 

When tlie sliear has reduced to the point where the area of web 
is sufficient to resist buckling on a length of 1.414 d c, then the stiffeners 
may be omitted. A convenient diagram for determining spacing of 
stiffeners is shown in Fig. 24(); tlie use of this diagram will be illus- 
trated by a problem. 

Suppose tlie shear at the end of a girder is 100,000 pounds; and 
the clear distance between flange angles is 22 inches, and the web which 
it is desired to use is 30 inches by I inch. The gross area of web is 
tlien 1 1 .25 scjuare inches, and the shear per square inch of gross area is 
S,0()0 poiuids. Following i;p the vertical side of the diagram until the 
line corresponding to 8,000 is found, then following this line until it 
meets the line of a J-iiich web, and dien looking under tliis inter- 
section to the lower horizontal line, it is found that stiffeners must l)e 
spaced about 12 inches apart in order to conform to the al)Ove c*on- 
ditions. 

If it was desired to find what thickness of web was necessary in 
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order not to recjuire stiffeners, the flange angles lieing 22 inches apart 
in the clear, tliis would he dctcnnine<l as follows: 

Follow up the vertical line corresponding to 22 inch**s iis given at 
the lK:)ttom of the diagram, until this line meets the line corresponding 
to such a thickness of web that the gross area is sufficient to bring the 
shearing stress within the limit by the horizontal line at this intersection 
of web-line and vertical through 22. 

In this case the nearest intersection is found to lye the J-inch web. 
The area of a 30-inch by i-inch web is 15 scjuare inches, and this gives 
a shearing stress per s(juare inch of 0,075 jK)unds. The allowable 
stress as given by the diagram is 7,4(K) pounds; but the y^^-inch web 
found to give a shearing stress of 7,040 pounds, wherejis the allowable 
shear for a -j'^^^-inch web witJi angles 22 inches apart is only 6,000 
pounds. 

It would be found more economical to use a f-inch web with 
stiffeners, than a J-ineh web without stiffeners. 

Another use of stiffeners is to stiffen the web at concentrated 
loads. The most important case under this head is the reaction at the 
bearings of the girder. Stiffeners are always used here, and they are 
generally placed so tliat the outstanding legs \\\\\ come nearly over 
tlie edge of the bearing j)late, as illustrated by Fig. 247. Sometimes 
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the special nature of the bearing — as, for instance, the disposition of 
column members — makes It desirable to place tliese stiffeners close 
together, or in three lines instead of two. The fundamental idea is 
to place the stiffeners so as to distribute the reaction in the most direct 
way to the bearing. If tliis bearing is masonrj', the stiffeners will be 
placed so as to give uniform bearing; if a column, they will be placed 
so as to correspond a^ closely a^ possible with the line members of 
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the colunui. AMierever heavy concentrated loads from l)eams, other 
ginlers, masonr\' piers, etc., occur, stiffeners should l)e used to stiffen 
the web against this concentrated application of load. Stiffeners over 
l^earings should be fitteil to both the top and bottom flange angles. 
Stiffeners at loads on the top flange nee<l be fitted only to the top flange 
angles. 

Stiffeners uscmI simply to prevent buckling from the shear, need 
not l)e fittetl to either flange. Sometimes stiffeners used for this latter 
purpose are not carried over the flange angles, but stop clear so as to 
avoid the necessity of fillers, as indicated by Fig. 247. It is better 
practice, and more generally followe<l, to carry these angles over the 
flange angles, as shown by Fig. 24S. 

PROBLEMS 

1- Determine by the methcHl previously <lcscribc<l the l)ottoin 
flange st*ction of a ginler 2S inches dc^^p l)etween ci ntcrs of gravity of 
flanges, an<l having a bending moment of 3,5(X),(M)0 inch-pounds. 
The flange is to Ik? proportional to carry the whole l)i»nding moment. 
Use fiber stresses given for buihling. 

2. In the above problem, if the top flange is unsupj>ortiMl lat(T- 
ally for 20 fwt, determine the section of top flange recjuired, using the 
formula given for reducing allowable compression stress. 

3. C liven a girder 3.") feet long l>etween centers of bearings, and 
carrying a uniformly distributed load of 2,(X)0 pounds per linear foot 
Assume a web 3() inches <leep and 34 inches between centers of gravity 
of flanin\s. Determine bottom flauire section without makin<: anv 
allowance for the portion of bending moment carried In* the wel). 

4. In the above girder, rcMlesign bottom section on the basis thiil 
the web is not splicxnl an<l that it bears a portion of the beiHling mo- 
ment. 

5. Determine the thickness of web re<|uircd in alxAc girder 
0. If the girder was 40 feet long, 42 inejies deep, and loiwled with 

4,000 jMUinds j)er linear f(M>t, determine the thickness of web if no 
stiffeners are to be u^^ed. Assume flaiiw andes are inches bv (J 
inches bv \ inch. 

7. Determine thickness of web in above ginh'r which could I e 
use<l with stiffeners, and determine spacing of stiffeners re(|nin'<l. 

Solution. ]u this ca>^e the shear at cTjd is SO,^KH) ])Ounds. From 
the diagram for spacing of .stiffeners, it will be seen that any thickness 
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of web from j^j inch up could be used. Where sdffeners are u; 
to prevent buckling ot web, it is more et-onomical to u?« a -[*5-in<il 
web than a ^inch. If the girder was GO inches Jeep, probably it 
would not be well to use less than ^-iiich web, even witJi sliffeneis. 
In this case assume a -j*, by 42-iiith web. Area is therefore 13.12 
square inches, and fiber stress is 0,150 pounds. 

From the diagram it is seen that a -|",-iiich web with this sires' 
per scguare inch retiuires stiffeners aliout IfU inches back to back 
This then determines the space of first stiilener from thase over the 
bearing plate. Assume two spaces the same as this, and then deter- 
mine shear at point say 3 feet inches from tlie enil bearing. This is 
found to be 80,000 - (4.iXX) X 3.5) = 66,000 pounds. The stress here 
is about 5,075 pounds per square inch of web. From the diagrt 
this is seen to require stiffeners 20 inches apart. Assume two in 
spaces at 20 inches, and t'aleulate shear, which is found tti be 52,G0ft 
[wunds. This gives a fiber stress of 4,050 pounds per square inch of 
web, and refjuires stiffeners 24 inches apart. Take three spaces at 
tills distant, and calculate shear, which is found at this ]x>int lo Iw 
2S,600. This gives a stress of 2,2(X) pounds per s([uare inch of web. 
From tiie diagram the spacing of stiffeners for this fil>er stress, in • 
I'e-inch web, is found to be 36 inches. This distance, however, b 
greater than the clear distance lietween flange angles, which is 30 
inches, and indicates, there ore, that at this piint the web is strong 
enough without l>eing stiffened by angles. 

If it is desire<i to see whether or not two spaces at 24 inches, in-i 
stead of three as above taken, would have I>een sufficient, the shear at 
this point can V)e calculated. This is found to Ite 36,600 pounds, or 
2,800 pounds per square inch of web. 'ITils is .seen to re{|uire stiffeners 
31 inches apart. This is greater than the distance between flange 
angles, and indicates that the last stiffener could be omitted. How- 
ever, it is better to earn- the stiffeners a little bejond the actual point 
where the diagram would imiicate that they could be dropped; so that 
it would be Ijctter to use the last stiffener, as originally determim 
The spacing of stiffeners at each end of ginler is of course ma<Ie tl 
same where tlie load is uniformly distributc<l. 

Size of Stiffeners. Stiffeners for cniicentruted loails and for 
lions should have .suQicieiit area to take the whole load or reactii 
at this point. SUlFeners used to prevent buckling are not geiierall 
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calculated, but are made either 3 x 3 x f inch or 4 x 3 x J inch. When 
stiffeners are fitted to the flanges, the outstanding leg should be made 
large enough to come nearly out to the edge of the flange angle. If 
the flange angle is 6 by 6, the stiffener would be perhaps 5 by 3^. 

Cutting Off Flange Plate. In heavy girders the flanges are made 
of angles with cover-plate. Sometimes only one plate is recjuired; 
at other times four or more will be needed. As the maximum moment 
IS the moment determining the flange section, and this usually varies 
from point to point, it will l>e seen that for ec*onomy the number of 
plates should l)e proportioned to the varj'ing moment. Where the 
girder is loaded uniformly, the l^ending moment is a maximum at the 
center of the span, and varies toward the ends as the offsets to a par- 
abola. A convenient w^ay, therefore, to determine for such a case 
where to stop the different plates, is to lay off to scale the span, and 
on this axis construct a paral)ola, making the ordinate at the center 

represent the rec|uired area, from the formula tt ^ A. A convenient 

uietluNl of constructing the paralK)la will 1h» to lay olT the olFsots, which 
are determined at different points by the fornnila 

y = // n _ / •'^' '\1 as illustrate*] by Fig. 249. 

From this diagram, the point at which an area ecjual to one of the 
plates can l^e dropped off, will l)e found by drawing a horizontal line 
at a distance down ecjual to the area 
of the plate at the same scale as 
the center ordinate. Where this 
line cuts the line of the parabola, 
will be the exact length of plate re- 
quired. Sufficient length should he 
added at each end to enable rivets 
enough to >)e used to develop in single shear the stress in the plate 
Usually this will >)e about 1 foot inches at each end. 

Another method of determining where to drop off plates when the 
load is uniformly distributed, is to use the formula 
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in which x = Distance from center to point where area of plate is 

not re(juire(l; 
Aj = Area of plate to be cut off; 
A = Total reciuired flange area at center, 

= JJ-, and 

L = Span. 

When the loads are concentrated, and the moment does not van' 
uniformly from point to point, the only way is to calculate the moment 
at different points, and proportion the flange and at these points in the 
same manner as at the center. 

PROBLEMS 

1. Given a ginler 50 feet long, having a flange section of two 
angles G x 4 x \, and 2 cover-plates 10 x § inch. Construct a paral>ola 
on this length as an axis, and determine the distances between the 
points where from diagram each cover-plate could be left off. 

2. In Jibove girder, determine actual length of cover-plates re- 
f|uire(l by using the formula for cutting off plates. 

3. riiven a girder 40 feet long between centers of bearing, loa<led 
with 12(),0(K) pounds concentrated at four points equally distant. 
Determine the bottom flange section, and length of cover-plates. 

Solution. Max I\I. = 30,000 X S X 3 X 12 - 8,040,(X)0 inch- 
pounds. Assume wel) 30 inches dcej), and effe<'tive depth as 34 inches ; 
llicn flange stress - 254,000 pounds. This, at 15,0(X) pounds' fiber 

. 254,(KX) 
stress, re(nu res , ^ ,^^, • = 1 ().!).) sciuarc niches. 
^ lo,()(K) * 

In this, as in all calculations of ginlers, a great many sccticnis 
could be chosen. Tn all j)rol)leins the student nuist use his own judg- 
ment as to just what shapes to use In order to make up the section. 
Take 

2 angles x x ^ - 7.2S (two holes out) 

2 j)lates 14 X ^ 0.75 (two holes out) 

17.03 

Not(» that in deducting area of rivet-holes from lK)ttom flange, 
tlic hole is considered 1 inch in diameter, even though :]-inch rivet> 
iire used. If smaller rivets were used, this might rechice the assume*! 
diiimeter of hole to J inch. 
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From the manner in which this girder is loaded, it will l>e seen 
that the points at which the plate can be left ofT will be near the con- 
centrated loads. Omitting both plates will leave a net area of 7.28 
s(juare inches; this corresponds to a flange stress of 7.28 X 15,000 =« 
109,200 i>ounds; and to a bending moment, assuming the same eflfect- 
ive depth as ct the center, of 109,200 X 34 - 3,712,800 inch-pounds. 
The reaction is 60,000 pounds; and it is therefore seen that the point 
corresponding to this moment is between the reaction and the first 

3 712 800 
load. Its position is found as ~'f*vrr^~ *= 61.88 inches «= 5 feet IJ 

inches. 

If this first plate Ls carried 1 foot 6 inches l>eyond this point, then 
its total length l>ecomes 32 feet 7\ inches. 

At the point where the second plate is dropped, the net area is 
12.10 square inches. This corresponds to a flange stress of 12.10 X 
15,000 ^ 181,500 pounds; and to a l>ending moment of 181,500 X 34 
- 6,100,000 inch-pounds. 

The l)ending moment at the load nearest the reaction is 60,000 X 
8X12= 5,760,000 inch-pounds. 

The moment l)etween this load and the next load increases bv an 
amount ef|ual to 60,000 — 30,000, inultiplieil by the distance from tlie 
load. That is, at a point x distance from the last load, the moment 
will have incivase<l ffW.OOO- 30,000) X .r X 12 inch-pounds. 

The l>ending moment which the an*^les and one cover-plate can 
carry was found to l>e 6, 1 60,000 inch-pounds. The moment at first 

load is -- ' = allowable increase to point where 

400.000 ' 

.se<-()nd cover is recjuired. 

The distance from this first load to the point where it will be 

necessary to a<l(l the second cover-plate, is found, therefore, to be 

4(X),000 , , , , 

:^0,(KH) X 12 

As this is so near the point at which the load is applied, it would be 

iK'tter to a<l(l a little more than 1 foot 6 inches to this distance, in order 

to carrv the plate a little beyond where tlie concentrated load occurs. 

I'his would make it nccessarv to incn^ase shVhtlv the len<^th of the first 

cover from what was [)rcviously determined. These plates might be 

fixe<l, therefore, as 26 feet long and 34 feet long, respectively. 
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Tr«f rMirp">?e of the rivets through the 
-_- r.-±. <:ear. There is a definite rela- 
^ -rrra.- A.-*: u^ vertical shear at a given 
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some cases the horizontal shear determining the pitch of rivets is so 
great that the distance between rivets becomes less than three times 
the diameter of the rivet. The flange stress might make it possible 
to use perhaps an angle with a 4-inch leg; in order to get in rivets 
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rig. 250. Fig. 251. 

enough to take the sliear, however, it becomes necessarj' to use an 
angle having a G-inch leg so as to use two lines of rivets. In such a 
case the horizontal distance between center lines of rivets mav l>e IJ 
inches, and still the direct distance between the rivets will not be under 
2} inches. Fig. 251 illustrates this. 

PROBLEMS 

1. Dctenninc the pitch at end of girder having a reaction of 
(K),(KK) pounds, with welvplate 30 inches deep and J inch thick. 

Assume effective depth between center of gravity of flanges, 28 

inches; then approximate horizontal shear per linear inch = — ^^^7— = 

2J42. 

The bearing value of a J-inch rivet on |-inch plate is 5,0(50; there- 

5,0()() 
tore pitch -- o'l io ^ ^*^'^ ^^ ^T e mches. 

2. ( liven the same web as above, with an end reaction of 05,000 
pounds, deternn'ne pitch at end. 

Here ~~^ =■ 3,400 --^ Horizontal shear per linear inch; and 

.77,-: -= J .49 or 1 , inches. 
o,4(a) 

This makes it necessary to use an angle deep enough to give two 

lines of rivets either a 5-iiich or a O-inch leg. If the pitch between 

rivet lines is 2{ inches, and horizontally between rivets 1 1 inches, then 

the actual distance between rivets is about 2 J J inches, which is more 

than three times the diameter of the rivet. Where the top flange 
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of a girder is loaded directly, as by a hea\y wall, it becomes necessary 

to calculate the rivets for direct shear as well as horizontal shear. The 

combined stress on the rivet must not exceed its value, and therefore a 

spacing somewhat less than that determined for horizontal shear al>ove 

must be used. This can l)est be illustrated by a problem. 

3. Given a girder having a wel>-platc 30 inches by | inch, with 

an end reaction of 75,000 pounds, and loaded directly on top flange 

75 000 
with 3,(MM) pounds per foot of girder, ~ q4~' = 2,200 = horizontal 

shear per inch. Assume a pitch of 2\ inches; then 
2,200 X 2.25 = 4,903 = Horizontal stress on rivet; 

~T^ = 250 = 1 )ircct vertical shearing force per inch, and 

250 X 2.25 --^ 500 = Dircx't vertical load on rivet. 
'J'hesc forces act on the rivet as indicated bv FiV. 252. The 
resultant, therefore, is the s(juare root of the sum of the squares of 

these two forces, and ecjuals 4,994. As 
the value of the rivet is 5,000, this is 
about the nearest even pitch which 
could be used for these conibinc^l 
stresses. 

The nuixiinuin sdaiglit distance between rivets which can be used 
is inches, or sixteen times the tliickness of the thinnest metal riveted. 
For a flange having -j^'^-inch angles, therefore, 5 inches would be the 
maxinnun pitch; or, if a {-inch c()vcr-j)late were used, 4 inches would 
be i\\c niaxiniuni in rivets through these cover-plates. 

Vertical spacing of rivets in stiH'eners does not generally re(piire 
calculation. For cinl stiffcners there should be at least sufficient to 
take up all tlie end shear. In other stiffeners the pitch is generallv 
made \1\ or .') inclics. 

Flange Splices. In long girders it becomes necessarj' sometimes 
to splice tlic (hinge angle and cover-plates. Sometimes, for purposes 
of shipment or erection, tlie girder has to be made in two or more 
parts and spliced. 

Tn splicing tlic angles, the full cjipjiclty of the angles should be 
provided in llic s|>licc, regardless of whether the splice is at a point 
of maxinnun (linigc slrc>s or not ; ii preferably should not Ik* so located. 
Angles are used on eitla^r side of the flange angles, with the corner 
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nxiiiilet) to fit luriiriitcly (Ik- lillct of tin- fiiiiiyc atif^lc, iiiii) hiiviiij; the 
siinw {;riiM.-! or ni*t arcii iis tlii-se luiylps. 

Fig. 2'hi slinw-s tin- spli^r of tlic fop fliingo of a plate ginicr. Note 
that tliciiTigles are splicnl hy fover-anglos ati<I also liy <ov<'r-iiIates, 
III llaiigo .s])lii-cs, pnH'isioii slmiild l>e ina«le as far as ])o.s.silili' to splice 
fa<'h leg of tlie angles ilirectlj- and with .suflicii'iit rivf(s to provide 
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for the projKirtiiinal part of tlie .stress earrliil hy ihis log. If covcr- 
plnlcs form part of the .scctiiiii of the flange, those should, if [XKSsihle, 
I>f KpIi«'e<I at a ix>int whore one of die cover-plates is not re*iujred for 
sottional area, and then this cover-plate should be carried far enough 
l)oyond the apUce to provide rivets sufficient for tlie stress in the plate. 
If the plates are of different areas, an additional, short cover-plate 
over the splice would lie rcfpiiroil, to make up the required area. 

When the shop work has to be very exact and reliable, a planed 
joint is sometimes used to take a portion of llie stress by direct com- 
pression Ix-tween tlic al»iitting ends. In such cases the cover anglea 
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.should be used, but may l>c of slightly les.s area. It is preferable, 
when ixissiblf, however, to have the flange fully spliced without relying 
on the planed joint. The niimlicr of rivets should be sufficient to 
provide for the full capacity of the flange angles without exceeding the 
value of a rivet. .If one portion of the splice is hand-rivete<!,tlie values 
must \ye <letermined acc-ordingly. Rivets are in double shear or beai^ 
ing on the angles. 

Web Splices- If (he girder has been designed without considering 
that the web carries part of the flange stress, then the web .splice need 
have only sufficient rivets to provide for the shear. If the web were 
considered as helping to carry the stress due to bending moment, then 
the splice would have to have sufficient rivets to resist this portion of 
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l--jg. 254. 
the liending moment cjirried by the web. In such a ca-se, if two line.'* 
of rivets eucli si<le of the spli<-e are used, and these rivets are spaced 
2J or .3 inches center fo center, they will be sufficient to provide for the 
.shear and the bending moment also. In general it is letter to use 
such a spliw its ilhistrated in Fig, 254, whetlier the intention is to pro- 
vide for landing moment or not. 
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The splice plates should have a net area equal to or a little greater 
than the net area of the wel). If jM)s.sihle, the splice should he located 
at a point where the flanges are not fully stressed, so that they can help 
to splice the web. 

PROBLEMS 

1. As an illustration of the use of the exact formula for pitch 
of rivets, the follow^ing problem will l^e worked out: 

Take the girder given in the problem illustrating the cutting-off 
of flange plate. This girder 40 feet long has a web-plate 36 inches by 

1 inch; and section of flange at end consists of two angles x G x J inch. 
At point 10 feet from end section, are two angles G x G x J inch, and 

2 plates 14 X f inch. 

Determine first the pitch of rivets at end where the shear is ()(),00() 
pounds. The formula is: 

SQ 

The first step is to determine position of center of gravity of flange. 
As there are no cover-plates, this is taken directly from *'Cambria" 
and is 1.G4 inches. 

The w^eb is 30 inches; but in all girders where flange plates are 
used, the depth back to back of angles is } or \ inch more than the 
depth of web, in order to allow for any variation in the deptli of plate. 
In this case it will be taken as 30 J inches back to back of angle. 

Q = 2 X 4.30 X 10.49 = 143.S 

I = 4 X 15.39 = 61.0 



4> 



4 X 4.3() X H).4i) = 4,740. 

,h X I X 3(i' - 1 ,458. 

(),259.G 

mm) X 143.S _ 
^ " "(>,2r)9.0 " ''^'•' 

X.. , 5,0(50 . , 

Pitch = /.,^. = 3.09 inches. 
l,.>/i) 

Somethinjj less than this would lie actually taken- -probably 2J 
or 3 inches. 
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"^I'o (letenniiie tlu» pitch at j)()ifit 10 iwt fnuii end, we luive to 
ralcnlate the neutral axis of the flaiii'e as follows: 
Angles 2 X 4M X 2M\) - 20.0 

lo.r) X .:>s - i.o 

2I.<) 
24.0 ~ 10.22 = 1.3 ir.ches from baek of eover-plate to neutnil 



a/!s. 



Q - 10.22 X 17.r)S - 33S 
1-4 X 10.30 ^- 01. () 

2 X 10.22 X 1 T.oS" - 11,S70. 

iVx2x3i^;' ^- i,4r)<s 



s 






13,3S0.() 
30,000 X 338 
13,300" 

Pitch of rivets = -i^^r^ = O.OS inches. 

/o/ 

The maxiinuni pitch is as stated inches. At this point the actual 

pitch would l)e made somewhat less — sav, 51 inches. 

As a comparison with tlic foregoing results, it will 1k' well to note 
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the pitcli as detennincd hy the approxiniat<' method, using the distance 

between centers of gravity of (langes. At the ends, we have 

(;0,(M)0 

- .., - 1,S20 

Pitch -= - 2./S niches. 

It will be seen that this approximate method gives some closer 
pitch than the more exact formula. 

2. (liven a girder 30 inches by l\ inch, 301 inches back to back of 
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Hange angles. The flange seetioii is nuule up nl* twt) im^lv*s \ \ \ \ I 
inch. The end shear i.s42,(HM) pounds. Dt'tfrminr \\\v \t\U'\\ of ri\cis 
by the apprtixiniate ineth(Ml. 

• 3. (liven a girder 42 f(rt long, loade 1 witli a uuit'oriuly di.sfril)- 
uted loail of 7,(KX) i><)unds [xt linear foot. If the wel) is 12 inches l»y 
l'^ inch, an<l the flange section at tlie end is made up of two angles 
6 X 6 X ^ inch, and 1 plate 14 x \ inch, and distance hack to hack of 
angles is 42J inehes, (a) determine the [)itch of horizontal rivets 
through web; (ft) detennine the pitch of vertical rivets through flange 
plates. Give two solutions of (a) and (/>), using the exact fornuila and 
the approximate metlKHl hast^il on distanee lK*twt»en centers of gravity 
of flanges. 

Arutwers — (a) IJ inches hy the approximate method. 

1 { 5 inches hy the exact method, 
(fc) 3 J inches hy the approximate mcduwl. 
OJ indues hy the exact method. 

Note that when* pitch of vertical rivets througli cover-jilates is 
detemnnecl hy tlie appn)xima(e method, they arc simply as. I'Mietl as 
alternating with the horizontal rivets. If there is only one line c»f 
horizontal rivets through flange angle and weh, and uiw line of vertical 
rivets, then, hy the approximate method, the vertical rl\ets throiiLfh 
cover-plates wonhl eome eentrally in the space hetween the horizcnital 
rivets. If there are two lines of horizontal rivets, and oiu» line of 
vertieal, the vertical rivets would still alternate with, the Inner line of 
horizontal rivets, or center over the outer line of lHiiiz<»ntal rixet--. 
This wouhl hold gocnl so long as the >pacing in this wa ■ IM not cxceeil 
i\ iiiehes, or .sixt«Mi times the thickness of plate. If thi> were the ca^c*, 
then the vertical rivets would he made to center over each line of h<»ri- 
zontal rivets. The same practice ;is regards vertical rivets wonM he 
followed in ease lK)th horizontal and vertical le''> had two lines of 
rivets. The formula for exact detenninaticui of rivrl pitili shi»\v> that 
the alK)ve approximate nn^thods are widiin the limits wl'vh wtMild he 
determined if the exact method wa.^ use 1. 

Shop Details of (lirders. Fig. 2.Mi is a .simp dt'tail of a simple 
plate ginler of one weh. It will he noted that ilu- detail cover- only 
one-half tbe ginler. Where the ir'rdcr is e\;ui'\ -\ iinncirii;il jd»fnit 
the center line, it wouhl he a \\;i>tc of time !• <liji\\ up Imili h;ilv«-. 
In such cases it is sufficient to m:irk the < cniei line and mark the dia'^ -■ 
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iti;; sti llijil it wUI l>c dear that (he other lialf is the same. lu snmp 
cases where there is tmlj- u slight dillerence, rs at (he end* l»etw««n 
the two Iml^'es, it b still unnecessary (o iletait more than half the ginler; 
in such ca!ie8 a special detail of the end whidi is (lifferent shuul'i be 
added. 

This girder rests on n hriek wall at caeh end; and tlierefore the 
end sfifleners are plaoed over the outer edge of hearing {Jate, as slicm-n. 
A wall rests on top of the ^rder, and tlie intermediule stitleners are to 
support the ttauge when iJie main pter lines come down, and to stiffen 
the web for tlie (wiiceiitn'ted l>ntin lotuls. 

A prdcr such as tliis would ]>rol)a1>lv enine into the drafting nxnn 
for details with unlv sui-h information as is given in Fig. 257- 

In many rases, even the loailing on the girder might not I>e given. 
In such cose, it \v<iiil.l huve to U- oilcnlated fr^ini the gnienJ plan.^ 

I I § I 

3W ^ 5-^i- ^ 5W^ sei'^ ^'^f'-d 

WebJQ'ji „ 



■■i-'q. 



■f 



300' per l/neor raet 
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'I 



Fig. a.-".?. 

showing' luiiiinrit iind ilislrlhution of floor and wall loads. If the loads 
hiiil liceci luiiformly distrilmted, <]etnilN might have l>een made 1^ 
deterniiTiing the capacity of the girder, as noted helow. 

The first ]H>int to lie determined is the size of the l>earing plate. 
The reaction is (>o,000 [wund.'i; and, allowing a safe bearing on the 
^lone template iif 2."> tons per square foot, this recpiires about 1.30 
aiuare feel. A plute 12 liy 10 inches, therefore, will be sufficient. 
Applying the fonnnla given on page 07 of Part II, the required thick- 
ness is founil to l)e .2(i inch; a steel plate \ inch thick is use<l here, 
althougli j-iiich plate might have been ii.seil. 

The .sine of tlie bed-plate having l>een fixed, the spacing of all 
the stiffeners is the ne.\t thing to determine. The end ones are fixed 
at 12 inches Imck to back. As the piers come down on top of the 
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girder, it will be sufficient to use one stiff ener in the center of each 
pier; if the pier was very heavy or over 3 feet, it would l)e well to use 
two under each pier. The measurements given in the diagram (Fig. 
257), therefore, fix the other stiff eners. It is then necessary to look 
into the shear on the web to see if stiffeners are recjuired on this ac- 
count. Referring to the diagram (Fig. 246), it is found that for a f- 
inch web and 18 inches l)etw-een edges of flange angles, the allowable 
shear per scjuare inch of web is C},R{){) pounds. The actual shear is 

-~-— 7 = 0,750 pounds, w^hich is therefore entirely safe without stiff- 
en) X g 

eners, as the shear just one side of the end is 1 1,(K)0 pounds less. 

Ix)oking now at the horizontal rivet spacing, we find, at the end, 

s = — .yj — = 2,320 -= a])proximate horizontal shear per inch. 

Some engineers lise the distance between pitch lines of flange 
rivets, or, in case of double pitch lines, the mean l)etween the two, 
instead of using distance l)etweeu centers of gravity for determining 
the approximate shear. In this case the result would l)e: 

r)5,0(K) ^ ^ 
s ^ ,^ . ^j, = 2,030 pounds. 

The liearing value is the least for these rivets, and may be taken 

I 1*11 i» • ♦-^>')')0 . 

at 5,0()0; the end pitch, therefore, is ,, ...\ Vv ^ 1-^2 inches. 

It is always better to s])ace a little under the calculated pitch; 
for this reason W inches was used. 

mm 

The loads l)eing concentrated, the shear is practically constant 
from the end to th6 first stiffener; and the only other point to ccmsider 
is to space from each stiffener so as to conform to the standard gauge 
in the stiffener angle, and to keep this where previously fixed, leaving 
room from the back of angle to drive first rivet. '^Fhe distance back 
to back l>eing 5 feet 2\ inches, and the standard gauge in one case 
2 inches and in the other 1 j inches, the distance center to center of pitch 
lines in stiffener is 5 feet ()\ inches. It is well to leave not l(*ss than 1 
inch, and l)etter 1 j inches, from the back of a stiffener to first rivet so 
that it can l)e easily driven; leaving 1{ inches will just allow for 40 
spaces at 1^ inches. 
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The shear just to the right of the first stiffener from the end, ia 

25 000 
25,(KK) jKuinds; therefore,* = "oi-^r "" 1,010 pounds. 

30 000 
The direct shearing force from the pier load is ~wr~ = 1,250 

pounds per inch. 

If we assume a pitch of 3 inches, this brings 3,750 pounds on each 
rivet, and the diagram of stress would Ije as illustrated in Fig. 252, the 
resultant stress being about 4,850 pounds. A pitch of 3 inches could 
therefore have been used and need not have been continued much 
beyond the pier lines. In order to keep the pitch constant, however, 
and be somewhat under the required pitch, 21 inches was used. Simi- 
larly, the pitch in center way is made 3 inches, although somewhat 
larger pitch might have been used. 

The actual required pitch through flange plates would \ye found 
much less than shown, since there are four lines of rivets instead of 
two as is commonly the case in girders of this length. In order to 
simplify the shop work, however, they are detailed the same spacing. 
It is well to note that in such cases the rivet through flange plate on 
the gauge line nearest to the vertical leg of flange angle, comes op{K)site 
the vertical rivet in flange line farthest from the horizontal leg. This 
is to give all possible room for riveting, and also because it distributes 
the rivets more uniformlv. 

The bottom flange spacing is made the same as top, and differs 
only in having the rivets through bearing phites countersunk, with 
open holes for anchor bolts. 

The bill of material sliouM be dear after explanation given in 
Part III for bills of cohnnns. 

Fig. 2r)S shows the detail of a two-web girder. This girder car- 
ries a wall on a street front, and is one of a continuous line of several 
girders. The right-hand end is at the corner of the l)uilding; and the 
oj)en holes shown are for coiniection of a girder on the other street 
front. The girder rested on steel cohunns, and the arrangement of 
the line members of the cohunns determined the spacing and arrange- 
ment of the end stifi*eners on the girder. 

The column section coming under right-hand end is shown by 
Fig. 250. The stiffeners at the extreme left end are simply for con- 
nection to similar stifl*eners on the end of the girder coining against 
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this one. Tlie intermediate stiffeners are for support of flange under 
centers of brick piers. 

The bottom plates were made 1 inch larger than the top plates for 
(he purpose of securing the onianiental fascia. 

In the calculation of the rivets of a two-web girder, the shear is 
assumed to be dividetl equally on the two webs; 
and therefore each line Is calculated as Ijefore 
described, except that the shear used is one-half 
the total. It shoidd l>e noted, also, in such 
cases, that the rivets are in single shear. 

One plate must, of course, Iw miule tlic 
full length of the girder. The length of tlie 
other plate is determineil as previously de- 
scril»e<I, and a length udde<l at each end .suffi- 
cient to get rivets e<]iial to one-third the capacity ^' 
of the plate. In this ca,se, the net area of the plate l>einj; al>out 8.2 
inches, the capacity is 12,J,(XK) jxnmds; and the re([ijire<l numlierof 
rivets in .single shear is 10, or 5 in each line. 

It should lie n<)te<l that in two-wch girtlers it is ]»ossil>le to lia^'e 
flange angles only on the outside of tlie well, as the only way Inside 
anj^es could Iw rivcte^l would l>e hy working a man from the end in 
l)etrfeen the webs. This is ordinarily imj>ossililc on ac(^»unt of the 
small space t>etween, and would always Iw too e.\i)ensive to justify 
such designs. 

Fig. 2fiO gives the detail of a three-web gir<!er. This ginler is in 
the street front of a modern steel-framed oftice building, and spans 
the large store fronts which are made po-isihle by stopping one of the 
main lines of columns on lop of this ginler. The girder rests on col- 
umns at each end, as shown by Fig. 2()1, and is symmetrical with 
respect to the center line. It will lie mited from Kg. 2G1 that the 
rohnun f-arrj'ing the end of lids ginler is practically made up of two 
columns rivetol together tliniugh tlieir flanges. This ron.stniction 
permits the heavy ginler to get a U'aring directly over the column 
shaft, and continues in a <lirect line the axis of the column sec'tion 
alxtve an<l the portion of this column carrj'ing these upper .sections. 
This ginler also carries the floor l>eams, which frame into the bottom 
flange as illu.s(rated in Fig. 2(12. 

There are some jioints of a practical nature which should be 
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come over the shear plate on the column. B and D are also so placed 
that they can be riveted together and thus form a plate stiffener be- 
tween the three webs. To rivet up B and D, it is necessaiy to rivet 
them together first; then rivet D to the side webs and angles C before 
these side webs are assembled with the central web. After the side 
webs are assembled, B can l)e riveted to the central web. 

The stifTeners at the center of the girder are arranged to come 
under the line meml^ers of the column resting on the top flange ot 
girder, and also to ser\'e as plate stifleners for the webs. 

The method of procedure for riveting up these stiffeners is some- 
what different from that used in case of the end ones. In this case, B 
and H would l)e riveted together, and then B riveted to the central 
web before the side webs are assembled. 

In order to rivet H and G to the side webs, it is necessary to pro- 
vide a hand hole in each side web as shown, so that these rivets can 
l>e held on the back side while being driven up after the side webs arc^ 
assembled. 

In three-web girders the distribution of the shear over the three 
webs depends to a consideruble degree on the way in which the loads 
are applied. It is generally considered that the center web takes the 
larger proportion, sometimes as much as J, and the side webs take 
the remainder e(iuallv. Tliese webs should alwavs l^e stifTene<l so as 
to (listril)ute all loads as much as possible over all three webs. 

The designer, in choosing his sections, will nec*essarily make an 
assumption as regards this distribution; and this should be indicate<l 
on the diagram. Practically the pitch in all three webs and flange 
angles would l)e made the same, this being determined so as to provide 
for the maximum slu'ar according to the assumption as regards dis- 
tribution. The actual number of rivets may varj- in the different por- 
tions, because of angles being used which may allow of only one line 
of rivets, as in the case shown in Fig. 2()0. 

The detail of connection of floor beams to girder is made special 
because of the awkward relation of beams to girder flanges, wliich 
relation could not l)e changed; only a single angle could be used for 
the connection if this was to be riveted on, and this had to be shipped 
riveted to girder rather than beam. It would have been possible to 
have a double-angle connection by using an intermediate plate and 
two side plates; but this would have added to the expense of erection. 
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and sufficient rivets for the reaction were obtained by the single angle. 

It will be noted that some rivets near these connections are shown 
flattened in the l>ottoni flange to clear the flange of beams; also, in the 
elevation, some rivets are shown countersunk to clear the angle con- 
nection. Rivets are also shown countersunk where the cover-plates 
are left off, because there is not room to extend the plate beyond the 
last rivet without interfering with the next rivet. All such cases of 
countersinking or flattening rivets to avoid stiffeners or ends of flange 
plates, are to be avoided wherever possible, as they are objectionable 
and expensive. They can generally be avoided by changing the rivet 
spacing somewhat at such points. In the case shown in Fig. 260, the 
girder is such a heavy one, and the rivet spacing so close, that it was 
better to countersink rather than have the wide spacing otherwise 
necessar\'. 

The end view shows open holes for riveting angles to the main 
cohniMi angles as shown in Fig. 2()1. This practice is objectionable 
for light girders, as previously noted in Part II, and where it is possible 
to properly brace the girder and column connection in any other way. 
In the case of a heavy girder such as this, where the deflection would 
1)0 slight, it is not so objectionable, especially if these rivets are not 
driven until after the columns are carried up and the dead weight of 
construction is put upon the girder. 

The bill of material should l)e carefully foUoweil through as 
illustrating points previously mentioned. 

Fig. 263 shows a single welvplate girder which carries the wall 
section over an entrance doorw^av, and also a column line on its canti- 
lever end. 

The center lines of the supporting column and of the column 
alx)ve, are shown on the plan of bottom flange. Fig. 264 shows the 
girder in its relation to the stonework, and the method of securing 
same to the girder. 

The stiffeners (t are arranged to come directly over the line mem- 
bers, and the shear angles on column below. The stiffeners A, E, 
and F are similarly arranged with respect to the column above carried 
on the end of the girder. It will l)e noted that this girder is not sym- 
metrical about its center line, and therefore the detail of the whole 
ginler is shown. It should be noted also that the concentration of 
loading at one end makes it necessary to increase the web greatly to 
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iW tbM fcsKNi a Utarh plate U riveted on 
il h> a point bvii'oiid the ran- 




*r jc - I' lTTn Smrmu: wawv ifaie ana of the web alone b sufficient, 
5.'r :j<; ^ciir l^Vc? foi bviiu: ti^r pnni of iMTiimiin mootenl, also, b 
a* -v!v*c 5.C :i* im.T«k*d &u^ area here, 

f^i vr "-v tiTis rruoe i^» tti> siinlrr ia tbe same relation as in the 
i-a?<; :r :iif :i«^^••w• girrler iliovii in F^, 260; but as this is only a 
ri^TiC-i *-c, ^ i.i'CJUfi.-tii'Q aoclrs can be riveted to the beam. As 
lit; Sfji:ii uti^t N? iti! ii.» t.^mu' tbe bothun Ban^ angle, this necessi- 
&»:;> i r "^;r ";*t»<?«r!i she web aod tbe t>»nDe«kKi angles on beam. 

N ce trj; *hvrv bc»i.-trtj or similar riveted mtmbers oct-Ui on a 
iT-^ivr, :: i> Ivtcer ti* ^w a separate 5ectioo for tbe details of ri\"eting 
,'t trTn?*- niffuilvr^ l"be eoil view. anJ :!ections A, B, C, and D, show 
ibff v^auU iiM ib^iv bravketj supporting the stonework, and show the 
\'anous vtetaiU nev-e^fsar^- to ivofonn to tbe podiion and spacing of 
aiffvoeri on the jrirvWr. 

lu a ^:u\Wr loatlevl lii^^ tliis is. there should be sufficient area in 
Mdi jrt of stiffeners coming under tbe column above and over tbe 
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^lIlH^arMdlvWBMf.cte^asiDustratedby Figs. 207 ami 280. 
I loads are fixed, there should be a panel 
e tfie diord must be materian^ ii 
tins produoed bjr the load adiiigli 
g fixnl, and the stnin 1i 
I As BIB lad abape ol eadi member are dnwn. 
In diroenstoning a drtaS i 
1 «D the steps be has to take to ftillj,^ 
^ * fi.\ jTi t^r- tuembeis and connections, and should remember 
G jELVcn to TtTTiMr ibe templet nmlffrf to jn 



As center to oootcr of cadi pud 





&«■ paari poiiiA to iBBil pant, fiiiig eadi imt or hole wtdi reject 



3. TWkAmU be a McmiaBeot center to center of the end 
paari poinlsaloBgtte top and liattontdMfds wad die vertical or in* 

dined end membeis- 

i, Tb^n- ^hikuld be or^n^^ll measurements of the above mem- 

■"'. Tlwrv rhouUl I* a measurement from the end of ^ch piece to 
the tim rivet or h*Je. and each piece should have its size and ovei- 
iJl lviii:th ^^lev■itiel^ 

fi. Faih sloping memlier shotild have its slope indicated by a 
iriAiiiH*' >'t whk'h one >iile i* 12 inches and the other ade inches and 

MVUVIlths, 

7, Each piei-e should preferably be g^^■en a shop mark, (o facili- 
tate aA-Jemblini:- 

Ti> li\ the me:i.*tirMHents noted under (2), it is often necessary to 
rn:ikc a fiiU-ii/wl i>r Uiri^'-M-ale layout drawn \-en" accurately so as to 
U- uMc to <vale cUv-iely the distance from panel point to first rivet, 
ami In W >ur»' of plentA' of clearance and yet have the members fit 
closely. 

After the first hole is fixeil. the others are spaced 2^ or 3 inches 
apart for the gusset iimnei'tions. The number of rivets is of course 
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determinetl from the strain sheet and the value of the rivet; }-inch 
rivets are generally used, and gusset plates ^^g- or f-inch. Where 
strains are very heavy and it is desired to avoid larger gussets, thicker 
{dates can be used. 

The measurements noted under (5) will be fixed by the above 
full-sized layout. It should be carefully l)ome in mind that such a 
layout is worse than useless unless it is very accurate, and therefore 
care should be taken to insure accuracy. 

Special Notes and Details. As regards the shop marks noted 
under (7), each shop has a different practice. A convenient form, 
however, is to call the top chord '*T. C. 1," **T. C. 2," etc. ; the bottom 
chord "L. C. 1," "L. C. 2," etc.; the verticals "V 1," "V 2," etc.; the 
diagonals "D 1,*' "D 2," etc. 

The exact size and the cuts of the gusset plates are generally 
left to the templet maker; they can be given, however, if it is desirable 
to do so, by adding the necessary measurements, which should be 
obtained from the full-sized layout of the joint. 

Sometimes, in long trusses, it l)ecomes necessarj' to draw the 
elevation of the truss as outlined above, and to supplement this by a 
larger-scale drawing of each joint, this larger drawing giving all the 
measurements of the connections as related to the panel point, and 
the smaller-scale elevation giving the general measurements. 

WTiere it is not essential for appearance or for compactness of 
details to cut the angles on a l>evel parallel to the abutting meml)ers, 
as is shown by some of the drawings, a square cut can be use<l and will 
somewhat simplify the shopwork. 

Gussets should always l)e cut as closely as j)<)ssible, lK)th for 
neatness in appearance and for saving in weight. 

In detailing, always show gussets, where ix)ssible, of such shape 
that they can be cut from a rectangular plate, using one or more of 
the sides of the original plate, and shearing off only where necessary 
for compactness of detail. 

Compression meml)ers made of two angles should always be 
riveted together through a washer at intervals of two or three feet. In 
general, it is good practice to follow this for all menil)ers' tension as 
well as compression, as it stiffens the truss against strains in shipment 
and against possible loading not considered in calculations, and the 
extra cost is inconsiderable. 
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Illustrations of Shop Details. Fig. 208 shows a parallel chord 
truss carrying a floor, roof, and monitor load. Figs. 2(59, 270, and 271 

show the connection of 
wocmI purlin under mon- 
itor girder to steel tniss. 
The fl<M)r in this c*ase 
rested directly on the top 
chord, which therefore 
brought bending strains 
as well as direct com- 
pression; for this reason 
the channel section was 
necessary. Note that for 
determining numl^er of 
rivets in each member, 
^^' ** ' one-half the stress would 

}ye considered!, and the rivets taken at their single-shear value. Tie 
plat(\s are use<l at intervals to stiffen the lower flanges of the channels 
forming the top chord. 

Fig. 272 shows the strain sheet for another parallel-chord tru.ss 
74 feet long, center to center of hearings. This truss carries a roof 
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FiR. 270. 



KiK. 271. 



load assumed as H) jxnmds live and 2") pounds dead jxm* .square f(H)t, 
and also carries in tlic bottom cliord a ceiling loa<l of IT) jK)unds per 
S(|uare foot. 

The roof beams span from truss to wall, which is 2y\ feet. On 
account of the construction and the long s[)an, the wood framing is not 
considered as bracing the truss, which is therefore unsupporte<l later- 
ally except at th<» center where a steel strut is provided. 



208 



5fi|Efef^=^ 




i 

J 



I 

I. 




PUBLIC iUoA.^ST 






STEEI. CONSTRUrTION 



2S7 



The manner of working out 
the stR»sst\s of such tnisst»s bv 
the analytical niethcwl, will 1k» 
given Ih'Iow. 

In all statically <letennine<l 

ft 

stnictun\s, there are three eipia- 
tions which must Ix? true in order 
that the stnicture shall remain in 
e<|uilil)rium: 

1 . The algebraic sum of the 
moments, alx)ut any jH)int, of all 
the external forces acting on the 
stnicturt*, must l)e zero. If this 
is not the case, there will Ik* a »*o- 
tiition of the structure alnjut this 
{)oint. 

2. The algebniic sum of all 
the external vertical forces must 
be zero. 

3. The algebraic sum of all 
the external horizontal forces 
must be zero. 

Both these latter conditions 
are evidently essential for the 
e^iuilibrium of the structure. 

In a truss loaded solely with 
vertical forces, the first two con- 
ditions are the on!v ones which 

ft 

would be use<l. If the truss is 
acted on by a wind load which 
has a vertical and horizontal 
component, then the third con- 
dition needs to Ik? considered. 

In the strain sheet given in 
Fig. 272, the first thing to deter- 
mine is the panel load. The loatl 
at each top panel is 2G.25 X ()i3 X 0. 
load is 20.25 X 15 X G. 17 - 2,400. 




6-v n 
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17 = 10,:)(H); the i)ottom panel 
Having determined these, ind 
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noted them as indicated on the diagram, the only other i 
force to detemiine is the reaction. As the truss is syrametrical 
loaded, the reactions are equal, and each equal to half the total load, ^ 
or 77,400 pounds. 

Suppose the top and bottom chords and the diagonal of this t 
were to be tut through on the line AB, as shown in Fig, 272. It i 
evident that, if the truss were then loaded as shown by the diagram 
the portions of the top chord on each side of this cut would push 
against each other, and the portions of the lx)ttom chord on either 
side would tend to pull ajtart, and the p(»rtions of the diagonal on 
either side would tend to pull apart. Tnless there were some way of 
transferring from one side to the other these forces tending to push 
together and tear apart, the truss would not stand. It is therefore _ 
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the reaction of the portion of the truss on one side of the section AB, 
acting upon the portion on the other side along the lines of the tlifferent 
members, which holds the truss in equilibrium. If therefore the por- 
tion of the truss to the right of AB is considered as taken away, and if, 
along the lines of the top and bottom chords and the diagonal, forcei 
are applied of the same intensity as the forces which resulted from the 
reaction of the portion on the right and which held the truss in equilib^ 
Hum, then the.se forces can for the time being be considered as 
temal forces, and the intensity of them will lie such as to fulfill the 
three conditions of equilibrium as regards the external forces. This 
condition is indicated in Fig. 273. It will be seen that these forces 
acting along die lines of the members of the truss cut by the section are 
the actual stres.^ in these members necessarj' to maintain the truss in 
equilibrium. The stresses produced in the members of a structure 
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br the ardcm cif thf iiwds. an- =aIiH. iim- "nnemiL' ir ' inne:' inrrc!^ 
in disdzKlicic from the "esfema."' iur^e^ ir ''imubk.* 

Adt section. su'jI a^ AP». cutrinr lima msniner?. :r*.*fs Tii7« 
stresses tci lie drtermined. Til^ ifn auL itrmniL liifirc fCTp:?»ej> w^t 
detenzuDed bv usinr the fondhini. tiur liif lujPTmir >inL .r iiif- ui:- 
ments abciut anv jKiiin L- zerii. Tir ixxt im 'iiiircl zitt T».'iiir rii.Tsnr. j> 
the inteTsecdon of the iMimiiL chnrc anc liie dia^mm. "Tm mraiwin 
of the stress in these m:- memiier^ u'tmiu: "dik iwiim i? ihfrw :« swrfi. 
and this leaves cin}v the mamen: tr "dtt im ri^cri sr^ess. vhiri mihC 
then lie equal lo "die momeir (i: "die ifiadr artnir this t» lim. 

In a similar manner, lakiic miimem? a*i;nn tii* ;Trr*!?5^ev'^ r«T. re ihe 
top chord and the diar^'na.. leirts im:^ zitt m:*iiK*rn »f rr»f 'ron.Tin 
chord stress to lie deiermnie^i. miii'ji mus: f :julI tbt sutl cc ihf TrK>- 
ments of the loads alKiui ihis iKiim. 

In Hg. 27- these lof- anc n:ci:piL tii>r£ >i:*^^*r> Lne .SerrTmirKN^ 
by taking sections throuri. the ':niys- a: tu*- 'f*rz •: «#i"h T»ar>c! Tver.:, 
These top chord strease^ viE tie victed ;•::: :•&;-▼. 

Stres* in at z 

77,40(1 >. 0.:7 = • -fTf.WK' 
6,450 7. CO 7= - 3K5Cr» 

Stress nc ?«f : 

77,400 < 0.17 < 2 « - «*55.C*:«0 

12,«i(ir» -' G.17 X 2 = - Io9/.>:i0 

M ...f i-r = - 7!>rr..0(itt 

7<^ (•(« • 

Stress in cd: 

77,400 X 6.17 X 3 = - 1,430.000 

12,900 X 6.17 X 4.5 = - 357.000 

Molcrf = -^ 1,073,u;h> 

Sti«5 in cd - l:?J^.^^ = + 159,000 lbs. 

Stress ik de : 

77,400 X 6.17 X 4 = -K 1,910,000 

12,900 X 0.17 X S =» - ^37,000 

Mof <fe - + 1 273,000 

Stress inde^ ^-^pj?^^ =- + 188,500 Ibe. 
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Stress in ef: 

77,400 X 0.17 X 5 = + 2,390,000 

12,000 X 0.17 X 12.5 - - 905,000 

Uo( ef = + 1 ,395,000 

Stress in r/ - l-??-^^^^ = + 207,000 11-^. 

o.7o 

Stress in /</: 

77,100 X 0.17 X = + 2.800,000 

12,900 X 0.17 X IS = - 1,130.000 

M of f(j = + 1,430,000 

Stress in Jg = ^ '^^^ = + 212,000 lbs. 

In explanation of the above, it will be noted that the moments of 
those forces causing right-handed rotation are designated **-f'* 
(plus), and those causing left-handed rotation are designated " — " 
(minus). Also note that the moment at any point consists of the 
moment of the reaction which for the left-hand reaction causes a 
positive moment and of the moment of the panel loads (including those 
over the end) which cause negative moment. As these panel loads are 
all equal, their moment can most easily be obtained by multiplying 
this panel load by the panel length and by the sum of the number of 
panels detween the origin of moments and the loads. Take for ex- 
ample the stress in cd; there is one full panel load distant one panel 
length, and a half-panel load distant two panel lengths; combined, 
these equal one full panel load distant two panel lengths. 

As a check on the moment at the center, it is well to calculate 
in a (liircrent manner. As this is the point of maximum moment, this 
moment is the sum of the ma: imum moments which each load can 
])ro(lucc. Or it is the sum of tlie reaction of each panel load, multi- 
plied by the distance from tlie reaction to the panel point. Therefore, 
as a check, we have: 

U = 12,900 X 0.17 X IS =- 1,430,000 foot-pounds. 

In a similar manner, tlie stresses in the bottom chord would l)e 
determined, taking moments about the top chord intersections with 
the diagonals. 

There is a simpler way, liowever. If a section is taken along the 
line r D, and tlie portion to tlie right is removed as shown by Fig. 274, 
it will be seen that — just as was explained for the section A B — the 
forces acting along the lines of the members cut are the stress in these 
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memljcrs necessan- to maintuin ecjiiilibriuni. Since the forties along 
ab and ij are horizontal, and are the only horizontal forces acting upon 
the structure, then the:?e two must 
be equal in order to fulfill the con- 
dition stated — that the sum of the 
horizontal forces ecjuals zero. This 
determines all the lx)ttom chord 
stresses from the top chorrl stresses. 

Direction of Stress. A stress 
acting toward the portion of the 
truss not considered remove<l, is 
positive and is compression. A stress 
acting towanl the portion consider- 
ed removed, is negative and is ten- ^*8- •^^• 
sion. The direction in which the stress nmst act is determined by 
the direction of the resulting moment of the external forces. If these 
produce right-hand rotation, then the stress ii; the member must pnv 
duce left-hand rotation in order that the algebraic sum of the moments 
shall be zero. Therefore, in the case of the top chord stresses pre- 
viously illustrated, since the resulting moment of the external forces 
IS always positive, the moment of the stress in the chord must Ihj nega- 
tive or act toward the portion nut removeil, and tlie stress is therefore 
compression. 

In the case of the InHtom chord, this stress must act in the op- 
posite direction to the stress in the top chord, and is therefore tension. 

Stress in Verticals. This is determined bv the condition that 
the algebraic sum of the vertical forces nmst be zero. Taking a sec- 
tion similar to C I), the only vertical force, aside from the loads acting 
on the tniss, is the stress in the vertical member cut. This stress, 
therefore, equals the algebraic sum of the external forces on the left 
of this section, or the shear, and is opposite in direction or acts <lown- 
ward toward the portion of the truss not removtMl; the strtvss therefore 
is compression. 

Sin ss in ah ■- 77,400 - 1 ,200 - -\- 
*' hi - 77. 100 - S.S-)0 - 
" cj - 77,100-- 21. 7.50 

" dk - 77.100 - ;vi,r,r)0 - 

'' rl 77.100 - 17,.V>0 
" I'm - 77,100- 00, i:.0 
" (jn panel load 



<< 



(4 



<{ 



70,100 
} OS,o(K) 
^ .*>">, (>.■)() 

12,750 
\ 20.S.")0 
* 10,050 

-i jor.oo 
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This latter stress in gn is obtained by taking the section around 
the panel point 3, thus cutting only the top chord and the vertical, 
If the section was taken any other way through this vertical, it would 
cut a diagonal, anil it would be necessary to determine the vertical 
component of this stress before the stress in the vertical i«p'ould Iw^ 
known. 

Stress in Diagonals. This is determined by taking sections 
similar to A B, and determining the vertical component of the stress 
in the diagonal. This vertical component must equal the algebraic 
sum of the vertical forces on the left, or the shear at the section. The 
relation of the actual stress in the diagonal to the vertical component, 
k the same as the relation between the length of the diagonal and the 
vertical depth. In this manner the stresses are worked out below: 
Stress id (,1 - 1 .35 X 70,850 = - 96,000 
'■ " fc/= 1.35X58,050^-78,500 

" " rfc- 1.35X45.150 01,000 

" " (/; = 1 .35 X 32,250 43,700 

" " em - 1.35X 19,350- -20,200 

•■ ■' /n-1.35x 6,450-- 8,750 

The <lirectiun of stress in these diagonals will be umlerstoocl 

Fig. 273, which shows the vertical component acting in an op]x>site.' 

direction to the resultant external forces. 

Choosing the Sections. The fiber stresses used here are tension, 
15,000 lbs.; compression, 12,000 lbs., reducetl by Gordon's formula. 
Both tup anil bottom chords are subjecte<l to bending stresses; 
due to the roof and ceiling joists, wiiich come un these chords between 
the panel points. The bend- 
ing stresses must be added to| 
the direct stresses. 

It is necessary at first toJ 
assume approximately whati 
£ s.aeP'arei the direct lil)er stress can I. 
{ip.fr^ a/awn) I, without exceeding the allow 
iT.-if iQi'i 'i ^IjIj, g(,^^5 reduced for unsup 

ported length and for the liend*! 
ing stress. Having selected 1 
'*■"■■ section on the l>asis of jhia 

ii.>isunieil filter stress, the momc-iit of inertia and the actual stress n 
be determined. If these vary muteriully from the allowable, u m 
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section must be chosen and the process repeaieiJ. In this case the 

process is illustrated below. 

Top Chord. Fig. 275 «^ws the as^Rimed a*ctiL'C k4 t-i-p c£«.»rcL Tte first 
step is to detennino the position of neutr^ axis. 

Co%-er plates oJlo X .19 = 1 .OCi 
Side pbtes 10.5 X 7.3s = 77.5^» 
.\iig)es ' 4.96 X 1.66 = S.2i3 

>6.70 

86.70 -:- 20.71 = 4.20 = Distance of neutr&l axis fpi-na top vf ti»ver plate. 
Moment of Ixerti.i or Top Chord. 

Iab= 5.25 X 4* = S4.0 
A X i X 14* = 171.0 

10.5 X 3T>-= 106.0 
3.96 X 2 = S.O 



4.96 X 2.^'= _^2. 

410.0 

Radius of gymlion r = 4.4 

led = 5.25 X 3T6? X 2 = 142.5 

J, X i X n'= S5.5 
1.92X2 = 3.S 



2.48 X 4.66- X 2 = 107. 8 

339.6 

Radius of i^Tation r = 4.05 

The top chord between panel points may l>e considered! as a U^ani 
of span equal to panel length, and fixetl at the ends as regards the 
bending moment caused by the direct load. Therefore, 

M = I X i X 65 X 26 / 0717' X 12 
= 04,000 inch-pounds. 

. 64 .000X4.2 ._ 
fc ^^ ^6/0 

/ rf= t}^j9^= 10,250 
' 20.7 10.920 

Since the top chord is braced laterally only at the ends and at thn-e jioints 
equally distant, the unsupported length is 18 feet 6 inches. From Cambria, the 
allowable fiber stress in compression for a length of 18 fet»t 6 mchcis, and leiL**t 
radius of gyration 4.05, is found to be 11,000 lbs. reduced from 12,000 lbs. 
The above combined stress is therefore within the limit and close enough not to 
require redesign. 

Bottom Chord. TIkj bending moment is 

M = 3 X J X 15 X 26 X 0.17^ X 12 
— 14,700 jxiunds. 
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Fig. 270 sliows the assumed section of bottom chord. 
dctcrinincd as follows : 

2 X M X A X 7.38 - 64.6 



2X 1.93 X 1.44 
14 X 8 X .19 



5.5 

1.0 

71.1 



The neutral axis is 



r 



J 



Bottom Chorcf Sfct/o/f 
S 5iae Plates 14 ' ??" 
aAngfes 3h^3''^ii 
/ Cover P/ote M"* f" 



IC 



4.00 



Fig. 276. 
71.1 -^ 17.S(» = 4.00 ^ Distance of center of gravity from Ix^ttoin of plate. 

MoMKNT OK InEUTIA OF BoTTOM ClIORD. 

Iah==j\x ; XH**- 105.0 



S75X3.3.S^ - 09.0 
2 X 2.33 -^ 4.7 

3.80 V 2j)(\^ - 25.3 



r>:2r) x 3.81- - TGA 

310.7 
'^ 310.7 ^ • 



/../ 



207,000 



1 4 .050 



14.11 (net) 11,839 



.\s tln' lH)lt()]ii clionl is suhiect onlv to tension, it is not necessiirv 
to calcuhitf the radius of (rvration or moment of inertia alx)ut axis 



r ( 



I. 



Diagonals are designed by using 15,000 lbs. tension, and choosing 
angles whose net section, taking one rivet liole out, will be sufficient 
for tlie stress in tl»e mendxM'. 

N'erticals are designed by assunn'ng an allowable fil)er stress base<l 
on the reduction of 12,000 lbs. for ratio of length to radius of gjTation. 
After the section is <letermined, using this assumed fil>er stress, it is 
nece^sarv t.) see that this fiber stress is within the actual allowable 
stress for tiie rathus ()f gyration of the inend)er. 

Wiere two angles are used, s|)read the thickness of gusset plate, 
the least radius is employed, either parallel with the outstanding legs 
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KMT through the axis of the gusset Where side plates are used, as in 
■this case, the rndius employed should be that pitraile! to the outstand- 
■ ing 1^- These angles Iwing spread and either laced or tied with 
[plates, are weakest in the direction of the axis of the truss. The 
I- student should follow through tlie different sizes given for verticals and 
L diagonals, fully understanding the above explanations. 

Fig. 27S shows a detail of the connections at one top tliord pand 
f point; and Fig. 279, of one 1)o)I.hii r-hord pane! ptHnt. It should l>e 



1 




noted tliat the rivets arc in .single shear, and tlmt the siiie plattus are 
deep enough to allow connertioiis to Ije made without Ihe u.se of gu.s- 
sets. 

In Fig, 267, a detail is sIlowti of a connection suitable for a nid 
banging, a balcony, or other member to the truss. Note that the txu- 
ler of rod conies at tlie intersection of the strain lines at the panel 
point. Tliis should always Ije the case unless the choni is made speci- 
ally strong to resist the liending due to a connection l>etwecn panel 
points. Note also tliat the connection is applietl directly to tlie gus,sct 
plate by a pin through the clevis nut. This brings only shearing and 
bearing .strairi,s on Ihc atrtnection, aiKJ avoid.s any ilia-ct pull on the 
heads of rivets or of IxAin, which should \if divided wherever possible 
in such ca!)cs. 



Tiie open holes in top choni are for securing the roof purlins tn 
the truss, 'niese purlins nui directly across the top chord. 

Fig. 2S0 shows tlie cletflil of a truss for a boiler-house roof. This 
poof has a high monitor running down tJie center, which is also framed 
with steel; the detail of this frame is sliown in Fig. 284. 

Fig. 2S4 show.s a general view of the tniss and monitor frame in 
position, and the roof lieams framing to them. This truss was short 
enough to be riveted up at the shop and shipped whole. The monitor 




> 



Fig. 278. 

frmnr. however, was shipped separate from the truss, as indicated by 
the ojx'U holes for connection to truss. As this monitor frame, if 
ship|HHl wliole. would be likely to become bent and distorted, it had 
to Ih> .sliipi>e<t in two parts, as indicated by the details. 

Figs. 2S1 and 2S2 show the top and bottom chord splices in the 
ivnler piuicl of the tniss shown in Fig. 272. Note that the point in 
top chonl is si)ecified to l>e planed, and therefore the rivets provided 
arc sudicicnt for only a jwrtion of the stress, the balance being trans- 
ferred by direct compression on the planed surfaces. 
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PROBLEMS 

Detenniiie all the stresses ami suitable sizes to use for a truss 
lou(ie<l as sliown in Fig, 283, ami resting on a brick wall at each end- 
The load coasists of floor joists resting directly on tlie top chord; and 
a G X 4 X §-inch angle should l>e provi<led near ever^- other panel point, 
punched for lag screws to secure to wooil joists for forming a lateral 
support to truss. 

Make a complete shop detail of the above truss. 

Trussed Stringers. Figs. 2S5 and 2S6 show the two common 
fonns of trussed wooden stringers. These consist of a wooden beam, 




YiK. 270. 
composed of one or more timlK-rs, stitfene<i by one or two stmts Iwiiring 
OH steel nuls, as shown. They an- used in tun be r-f rained structures 
where it is inipracticHble to obtain tiinlx-rs sufficiently stn)ng to .suj)- 
[Mirt thelodils. 

The tmssi-d stringer is not a true imss, luid the stresses cannot 
be accurately determined by the methods used for tru.s.scs, l>ccausv the 
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itfrt^ KJ in (hr memtwr^ depend upoo the drBecdoD of the beam as a 
BKSDlKr nf a tm >ik1 >•« k beam alsu. I^ie esitct sululioD u vaj 
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the beam as a 






5 /Vj. M''f-/-9'ly. 

Fig. 2S1. 
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licatt-d. All approximate solution can Ix; made as follows: 
11 Fig. 2S.}, if a liiad I' is applied over the center strut as shown 
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If tlie lo^l I' is ajiplicd iiriifoniily over the whole length of oft, 
tlien the stresses are approximately as follows: . 
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I^d ut .1 


= » 


I*; 


Slrwis ill .»; 




i'x 


l>ir.>ctKtm!sin 


.1. = A 


I'X 


Sin's; ill dc 


= S 


P. 



The t»eiuns ad and db are however siibjecte*! to l>eiulin^ stress cUic 
U) the Iiiml acting (Hreetly on the 1;euui IxJtween tlie unsiipjH»rte<l points 

a p/s- /i?j"'J"^ s'-B" 
ppi3 M">. f-: ^'-^" 




a and d and b and d. If I is the moment of inertia of the Wani, this 
Ijending stress can lie fonnd approximately fnim the formula / = 



, in which y " Half the ilepth of the beam. 
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The IxMulinp moment may Ik* taken as f P X ah. 

The lH*am must be prt>portioned so as to provide for the direct 

/eOO^ Per a near foot uniformly distributed 
over top chord 
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Fig. 283. 

strt\^'^ \Axis the stress due to InMiding, without exceeding the allowable 
filHT stR*ss of the timl>er. 

In Fig. 2S(), if a load P is applied over each of the stmts, the .stress- 
es can l)eMetermine<l apprt>ximately as follows: 

htrfss in ac = P X — ; 

cc 

(It- 
Stress in ae = P X — ; and 

«c 

Stn^ss in ec = P. 

If the liKid 2 P is applied uniformly over the whole length r//^ 
llicn the stros.sos arc approximately as follows: 

Tlic loail at e and / can Ik* taken approximately as \ P; then 
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Diroi't rtross in ae -■--■■ 5 P X — ; and 

ac 



Stross in cc 
The portions H(\ c], and //> arc subjected to bending stresses as 
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Fig. 2s;>. 
before; and if I is the nionKMit of inertia of the beam, the l>ending 
stress in ar ^ ' , in which // \ l>epih of the beam; the luMiding ^I 

may be taken as J P X "/'. Tlie beam nnist be proportione<l so that 
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the combined beiuling and direct stress shall not exeeeil the safe fiber 
stress for the tini!)er. 

Owing to the fact that the actual distribution of stress in trussed 
stringers is uncertain, and the methods of determining these stresses 
only approximate, a factor of safety of not less than 5 should l^e use<l. 

The detail of the connection of the rods with the end of the l)eam 




Fig. 286. 

is shown in Fig. 287. Sometimes a single rod going between a hori- 
zontal beam made of two timbers, is used; and sometimes where two 
rods are used, these are placed outside of the timber. A detail which 
will avoid boring through the timber is preferable. The plate at the 
end must be large enough to distribute the stress without exceeding the 





Fig. 2S7. 

siife compression value of the timber used; for hard pine, this should 
i)c 1, ()()() pounds per s(juarc inch. The plate should be thick enough 
to provide for the shearing stress on the metal, and the bending stress 
inchiccd by tlic pull of the rod on the unsupported portion of the plate. 
It is important to have the center lines of the members intersei't 
at the (cuter of tlic bearing, as otherwise considerable additional bend- 
ing stress will be caused, owing to the eccentricity. 
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PRACTICAL PROBLEMS IN CONSTRUCTION 

By 

Sidoey T. Strickland, S. B., Mass. Institute of Technology, 

£cole des Beaux Arts, Paris 

Charles H. Rutan, of Shepley, Rutan & Cooleds:e, Architects, 

Boston, Collaborator 



Introductory. The following problems have been solved with 
the aid of such books as are generally found in the offices of any 
Architect, Engineer, or Builder — namely, TrautNvine's Engineer's 
Pocket-Book, Carnegie's Handbook on Steel for 1903, and the Build- 
ing Laws of Boston and Chicago. All stresses in tons are of tons of 
2,000 lbs. In solving the majority of the problems, the stresses 
allowed by the Boston Building I^ws for 1907 have Ix^en used. The 
building laws of other American cities may allow different stresses. 
Also, the question of the factor of safety is one that must always be 
carefully considered. In using the tables of any steel or other hand- 
books, the first thing to be noted is whether the values given are ulti- 
mate (breaking loads) or safe loads. In figuring for cast-iron columns, 
one meets with a great variety of tables where the safe loads may vary 
considerably, due in most part to the factor of safety employed. For 
example, the factor of safety for cast-iron columns in the Boston Build- 
ing Laws and in Trautwine, is G ; but in Carnegie's naiidlx)ok it is alx)ut 
10. In the following solutions the weight of a cubic foot of hollow 
terra-cotta blocks, three-<iuarters of an inch thick, has been taken as 
54 lbs. That is the weight of the average terra-cotta employed in 
New York and Boston; but there are Ix^tter grades that weigh mucli 
more. It is the part of the engineer to bear in mind these differ(Mi(*es 
and study out the properties of the building materials of his own 
locality. 

Abbreviations: 

Carnegie II. B. — C'lirnegie's Handbook or Tablos, 190'{; 
L = Length; 

r = Least radius of gyration; 
lbs. = pounds; 
diam.* ■= diameter. 

The first 12 questions are based on Plate I [a, 6, and c). 
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GENERAL CONSTRUCTION PROBLE MS 

Problem 1. What is the live load required per square foot for office 
buildings? 

Answer. Most building laws require 100 lbs. per sq. ft. for live 
loads in office buildings. 

Problem 2. What is the weight per square foot of material composing 
the floor? 

Anstoer. 

54 lbs. per sq. ft. for 12 in. of terra-cotta. 
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I ** " concrete. 
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2 " " spruce plank. 
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J " " maple floor. 
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1 " *' plaster and wood lath. 
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steel frame in floor. 



90 lbs. weight of materials. 

All floors, therefore, .should be calculated for 190 ll>s. per sq. ft. 
for live load and weight of materials. 

The following are the assumptions on which the above figuring 
is based : 

Weight of a cubic foot of terra-cotta 54 lbs., when made in hollow 
blocks with }-inch webs. 

Weight of a cubic foot of concrete, 140 lbs. 
" " " " " " dry spruce, 25 lbs. 
" " " " " " maple, 49 lbs. 
" " " " " " plaster (hard mortar), 103 lbs. 

Problem 3. What is the weight per sq. foot of 4-inch terra-cotta 
partition plastered both sides? 

Answer. As a cubic foot of terra-cotta weighs 54 lbs., four 
inches, a foot square, weighs 54 -t- 3 = 18 lbs.; and a sq. foot of 
partition plastered on l)oth sides will weigh 18 + 2 X 7 (wt. of J in. of 
plaster per sq. foot.) = 32 lbs. 

Problem 4. What is the weight per cubic foot, of brick wall? 

Answer. Ordinary brickwork weighs 112 lbs. per cubic foot. 

Problem 5. What is the tensile strain on the 5th story su8{)ension bar 
marked No. 3 on drawing (Plate 16)? 

Answer. The surface of the two floors carried by the suspension 
bar = 2 X 12 X 14 = 336 sq. feet; with a total weight = 336 X 190 
(wt. of sq. ft. of floor with live load) = 63,840 lbs. 
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The surface of the 4th and 5th floor partitions (doors not taken 
into account) = 22 (length of partitions) X 21 (total height) = 462 
sq. feet; with a weight = 462 X 32 (wt. of a sq. ft. of plastered par- 
tition) = 14,784 lbs. 

63,840 lbs. wt. of floors. 

14,784 " " "partitions. 

78,624 lbs. Tensile strain on suspension bar No. 3. 

Problem 6. What area of steel is required to safely sustain the load, 
and what shape of metal would you use, at suspension bar marked No 3? 

Answer. Assuming the safe tensile strength of steel at 16,000 
lbs. per sq. inch: Dividing 78,624 lbs. by 16,000 gives 4.91 sq. inches 
of metal. Adding .65 sq. inch for a row of J-in. rivets makes total 
metal area required = 5.56 sq. inches. The properties of angles are 
found on page 111 (Carnegie H. B.); and for an area of section of 5.81 
sq. inches we find an angle 5 X 3J X J inch which will safely sus- 
tain the load. 

Problem 7. What is the load on the 3d story column marked No. 5? 

AnsuHT : 

5 lbs. porsfj. foot for 3x3-in. angles. 

3 " " '' " '' metal lath. 
11 " " " " " l-in. slate. 
IS " " " " " 4-in. hook tile. 

7 " " '' " " I)lastor. 

-U) '• ." " " " sfiow load. 

SI ll)s. wt . of >i\. foot of roof, wifh snow load. 

The surfacr of tlu^ roof - 24 ■ 12 = 2SS scj. feet; with a total 
wei<j;ht =^ 2SS / H4 = 2 1, 1!)2 lbs. for the portion of nx^f to bo carried 
by colunin No. 5. The total floor surface to be carried (4tli and 5th 
floors) - 2 X 10 X 12 = 240 s(|. ft.; with a total weight = 240 X 100 
(wt. in lbs. of a s(j. ft. of floor) = 45,000 lbs. for floors. 

The exterior wall surface, for the 4th and 5th floors = (28 X 12) 
- (15 X 7) - 231 sn. ft. of briek wall (where 15 X 7 = the sq. ft. 
of window ojK'niii^O. Miiltij)lyiMg this surface by the thickness of the 
wall, 1 foot 4 inches, or IJ ft., pves IJ X 231 = 308 cubic ft. of 
brickwork; wliieli wei<,^hs308 X 112 lbs. (wt. of a cubic ft.) = 34,496 
lbs. The surface of wall i)lastered =12 X 21 — 105 (sq. ft. of win- 
dow openin^O = 147 s(j. ft.; with a wei«;ht of 147 X 7 (wt. of a sq. 
ft. of plnster^ 102^) lbs. Therefore the total weight of outside 
wall ni' brick, plash-red on one side, - 34,4iH) -f 1,029 - 35,525 lbs. 
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5,000 lbs., wt. of girder. 
24,192 •' " " roof. 
78,021 " " carried by suspension bar. 
45,000 " " of floors carried on wall. 
35,520 " " " wall. 
188,941 lbs. Total weight resting on column No. 5. 

Problem 8. What size, weight, and area of steel channel column is 
required to carry the load on the 3d story column marked No. 5 (Plate I h)? 

Answer. Dividing 188,941 lbs. by 2,0()0 gives 94.47 tons as the 
load to be carried by column No. 5. A table of safe loads for channel 
columns is found on page 137 (Caniegie H. B.). Opposite a length of 
1() feet, or under, for 8-lb. channels, we see that a safe load of 94.f> 
tons will be carried by a 6-in. channel plate column. Size of plates 
I J X 8 inches. Weight, 53.4 lbs. per ft. Area of cross-section = 
15.76 sq. inches. 

Problem 0. What size beam box girder, plate girder, or box girder 
is required in the second story floor marked No. 7 (Plate I, <i and 6)? 

Answer, First find the load to Ix? carried by the ginler, which is 
composed of one-half the weight of the 3d floor, one-half the weight 
of the n^zzanine, the weight of the partitions (all the above are con- 
centrated), and the uniformly distributed load of the 2(1 floor. 

The surface of the 3d floor, carried by ginler = 24 X 12 = 2SS 
sq. ft.; with a total weight = 288 X 190 = 54,720 lbs. The surface 
of the mezzanine, carried by ginler = 12 X 12 = 144 sq. ft.; with 
a total weight -144 X 190 = 27,3()0 lbs. The surface of the par- 
tition = 23 X 12 --■ 27()S(i. f^-5 with a total weight = 270 X 3J 
(wt. of a s(i. ft.) = 8,S32 lbs. 

54,720 lbs. 
27,300 '' 
_ 8,832 '* 
90,1)12 lbs. Total concentrated load on girder. 

• The surface of the 2d floor, carried by girder = 40 X 12 ^ 480 
sq. ft.; with a total weight, unifonnly distributed = 4S0 X 190 = 
91,200 lbs. 

The safe load for a single unsymmetrical concentrated load = 

P 
that given in Carnegie tables X ~ y , where / = 40 ft., total length 

* of girder; a =24 ft., distance between lojul and right-hand support; 

and 6 = IC ft., distance between load and left-hand support. 

(loy- 1 ,000 

8 X 21 X 10 3,072 
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Or we may multiply the concentrated load by .-r'g- of 3,072, which is 
= 1.92; and it will give the load for which one must figure — i.e., 
90,912 X 1.92 = 174,551 lbs. for concentrated toad. Adding this 
(o the iiniform load of 91,200 Ihs. gives 265,751 lbs., or 132.S75 tons. 
a.s the total load for which the girder must be designed. A table of 
safe loads for box-girders is found on page 162 {Carnegie H. B.). 
Increasing the thickness of the flange plates ('j inch allows an increase 
of 5 X 6.12 (tons) = 30.6 tons over the 106.7 tons, for a 40-foot span 
given in the tables; or a safe load of 100.7 + 30.6 = 137.3 Ions can be 
carried by a girder of the following dimensions: 
.IBxi in. Web platea. 
21x5 '"• Flangfi plains. 
4x3)xl in. Angles. 
Problem 10. What is the load — reaction — at the end of glnler over 
the firat story at end marked No. 8 
(Fig. 1), and at end marked No. 8'7 

An»jver. The reaction at No. 
8' and No. 8 due to the uniform 
load of 91,200 lbs. = 45,600 lbs. 
The reaction at No. 8, due to the 
concentrated load of 90,912 lbs. 
(90,912X 24) -;- 40 = 54,547 
lbs. The reaction at No, 8', due 
(90,912 X 16) -^ 40 = 36.365 lbs. 

54,547 + 45,600 = 100,147 lbs. 
36,365 + 45,600 = 81,965 lbs. 
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Ig. I. Loadpd Girder. 
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to concentrated load 

Total reaction at No. 8 
Total reaction at No. 8' 



[b the load on first-story calanin marked No. 8 (Plate 
eight, and area ot Z-bar columti should be used 



Prohhm n. What if 
I, a, b. and r) and what 
to carry the loudT 

Answer. The loail to be carried by column No. 9 is composed 
of the load on No. 5. the weight of the 2d and 3d floor exterior wails, 
the weight from 3d floor, the reaction from girder No. 7, and its weight. 

The -surface of 2d and 3d floor wall = 36 X 12 - 161 (sq. ft. 
of window opening) = 271 sq. ft. Multiplying tliis by the thickness 
gives 271 X 1 J = 361 cubic ft. of brickwork, with a weight = 361 X 
112 (wt. of a cubic ft.) = 40,432 lbs. 

The surface plastered = 34 X 12 - 161 = 247 sq. ft.; with a 
weight = 247 X 7 (wt. of a sq. ft.) = 1,729 lbs. 
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The surface of 3(1 floor carried = 12 X 12 = 144 sq. ft.; with 

a weight = 144 X 190 = 27.3G0 lbs. 

188,941 lbs., wt. resting on column No. 5. 
40,432 " " of 2d and 3d floor brick walls. 

1,729 " " " " " " " plaster. 
27,360 " " " 3d floor. 
81,965 " reaction from girder No. 7. 

6,729 " wt. of girder No. 7, carried by column. 

347,156 lbs. Total weight to be carried by column No. 9. 

Dividing the total weight by 2,000 gives 173.57 tons. A table of 
safe loads in tons for Z-bar columns is found on page 127 (Car- 
negie H.B.), and opposite a length of 22 feet for 8-in. Z-bars, one 
finds that a safe load of 181.3 tons will be carried by a column com- 
posed of 4 Z-bars 4 in. deep and one web plate 7 X J inch, weighing 
108.4 lbs. per foot, and with a cross-section of 31.9 sq. inches. 

Problem 12. What should be the area of granite footing under column 
No. 9 to sustain the load with 3 tons per sq. foot on the subsoil? 

ATisxccr. Determine the total load resting on subsoil, which 
includes the load carried by column No. 0, the weight of 1st floor wall, 
and the weight of granite footing. 

The surface of *lst floor wall = 23 X 12 - 49 (sq. ft. of win- 
dow opening) = 227 sq. ft. Multiplying this by the thickness gives 
227 X H = 303 cubic ft., with a weight = 303 X 112 = 33,936 
lbs. for the brickwork. The surface of plaster = 22 X 12 — 49 = 
215 sq. ft.; with a weight = 215 X 7 = 1,505 lbs. Assuming dimen- 
sions for the footing, gives a weight for 211 cubic ft. = 211 X170 
(wt. of cubic ft. of granite) ^ 35,870 lbs. 

347,156 lbs., wt. on column No. 9. 
33,936 " " of brick wall. 

1,505 " " ''plaster. 
35,870 " " " granite footing. 

418,467 lbs., or 209.2 toas. Total weight to be carried by subsoil. 

Dividing this by the 3 tons per s<i. foot that the soil will sustain, gives 

67.7 sq. feet, area of granite footing necessary. That is, the footing 

must be 8.3 feet square. 

ProbUm 13. What is the safe strain for a chain with the links made 
of iron one inch in diameter, using a factor of safety of 4? 

'Answer, An iron chain with links made of rods one inch in 
diameter will break under a strain of 49,280 lbs. Dividing this by a 
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If the overturning force were to be applied uniformly, on the face 
m I, its resultant could be considered as acting through i, and it would 
have to be greater than 110,160 lbs. 

Problem 18. What size hard p[ne header sLxteen feet long ie required 
in a dwelling-house to carry 161 square te6t of floor? 

Answer. Floors for dwelling-houses should be designed to 
cany 50 lbs. per sq. ft., exclusive of materiab. Take the weight of 
matcriab in floor — 20 lbs. per sq. ft. Then the total weight of a 
aq, foot of floor — 70 lbs. Total weight to be carried by girder = 
laiXTO- 11,270 lbs. 

As both the breadth iinrl itcptli are required, we shall assume 

one and solve for the other. Assume the depth = 10 inches. The 

formula for hard pine is: 

_ 1,1 ■ - 1 Span (in tt.) X I.ond 

Breadth in inehea = .-/^ —/, -, -, -■ 

nre;id)h= -'*' ^^-ii'^™ =n.02 inches. Thin is <nl<ulfttcd with & 



Problem 19. State the load, dead and superincumbent, required per 
square foot far a gravel roof, on wood frame with a plantered ceiling. 

Answer. The weight per sq, foot of tar and gravel roofing, 
over 4 thicknesses of felt, carried by seven-eighths-inch boards is 
9^ lbs. The weight of one sq. foot of metal tath-and-plaster is about 
10 lbs., an allowance of 7 lbs. for } inch of plaster and 3 lbs. for mefl 
lath, llie wood frame may be considered to be made up of 3 X 12- 
inch yellow pine joists, fifteen indns on centers, withaweight of about 
12 lbs. per sq. ft. The supcHiiciinibent load allow) 
per sq . foot for snow load. ( Boston Building X 
9) + 12 + 10 = :}1 ) lbs. de^d-S 
Adding to this 40 lbs. for the siiptrineumbent li 
71i lbs., total load. 

Problem 20. What 
following circumstances: Mast 
boom, boom 30 feet long horizo 
at angle of sixty degrees with 



Answer. Let yl B (Fig. 3 ) 
a loa<l of 10 tons at C. 

The polygon of forces for (he 10 tons 
BC is a 45-degree triangle. 'I'lierefore tlic stre.'i.'jes 
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The moment of the water pressure, tending to overturn the wall 
= 781.25 X 1.66 = 1,296.87 foot-lbs. 

As long as the moment of stability is over five times as great as 
the moment of the water pressure, we can neglect the pressure of the 
water. 

Problem 22. What is the safe load per square ^oot allowed on brick 
walls laid (a) in cement mortars, and (6) in lime mortar? 

Answer (a) For a wall of first-class work of hard-burned 
brick laid in a cement mortar of 1 part Portland cement and 3 parts 
sand, one can allow a compression stress of 20 tons per sq. foot. 

(5) For the same wall laid in lime mortar, 1 part lime, 6 parts 
sand, allow a compression stress of 8 tons per sq. ft. 

For brickwork made of **light-hard*' brick, the stresses shall not 

exceed two-thirds of the stresses for like work of hard-burned brick. 

(Taken from the Boston Building Laws.) 

Problem 23. Specify the mortar you would use in a first-class building 
to be erected in the city of Boston. 

Answer. Mortar for a first-class building shall be mixed in the 

following proportions: For lower half of the building — 1 part onli- 

narj' cement and 2 parts sand, or 1 part American Portland cement 

and 3 parts sand; for upper half of building, no poorer than equal 

parts of cement and lime and three parts of sand. 

Problem 24. A brick pier IG inches s(iiiiirc and 12 feot long will safely 
sustain what load? 

Answer, For brick piers of hard-burned bricks, in which the 
height is from six to twelve times the least dimension, set in mortar 
made of 1 part Portland cement and 3 parts sand, allow a stress of 
20 tons per sq. ft. Dividing the height by the diameter, 12 -i- IJ = 9, 
this showing that the height is 9 times the least diameter. Therefore, 
Safe load = 20 X U (area of pier) = 37V tons. 

Problem 25. Note some of the principal methods and positions of fire- 
stopping in wooden houses. 

Answer. Fire-stopping can be accomplished by using brick or 
terra-cotta blocks set in mortar, in the following positions : 

1st. Over the sill, fill in l)etween the joist to height of base-board. 

2d. On bearing partitions, fill in between the studding to 
height of base-board. 

3d. Fill in over drop girders, where joists are continuous, to 
bottom of flooring. 
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4A. Fill in ntvT (Jiop fonJen brtweea joots lu hc^bt of t»ae 
boinl. 

iitk. Fin in Urhrvm rafirn ovrr thr pUtc. t" hrifrht <>t mA 
boRfiNns- 

Prabirm 2S. Wnt« • liiart fpnciSnatioii tnr vrmi lathing aicl [OaMiir- 
ja( fur ■ fint-«laaa biMMe; 1. 1.. (leacnhe lalhinc aDd bo* morlar for ah od«U 
•hmiMb* nuuiL 

An»vrr. Ldlh. I.a(h, mtli fivp niiits tn a talh, all Hve irtuan- 
fairinjB? on criHngs, th*' inswic of all tsJorior walls, all the inlt^or stoA 
paititkiiu. ttw^ soffits of aU stain, i.-tc.. ct<r. fckarl; rlstgnaliii^ oD 
pfirtions of boililin^ lr> \v tntbnl). Ijith to lir i!laui spruce btfa.bve 
frnat lar^ 'ir Lkhp knots, not nvrr 1 ; inrhrs inAie, laid \ inch iipeo 
aarl tn hrrak juints tver^r twrhrc manva. 

PlatfCT- Plasirr the AtmriMnpntii'nFil lslhiii<? with thv iMst 
thn^(v<^i8t work, amrinj; thr plasfarr t<> the |}<>nr in nil cnsps, i^tL-rpI 
Whiml KMJnsnitin):!!, wbrn- the fml rtiat onlji trill i/ft to ihc Soiir. 

Scratch C«at. Thi: iieralrh cnnt Irr )■; rumpMsnl uf the ImsI 
nmrUr mixetl in pmixiilirtn^ of *ioir fl) Imnvl of licst wnnl-Jmrnct] 
RorklantI ami Rix-kport i'o.'r. timr, witli twn am) n-half (2\) busbrb 
i>f powl, rk-an. kitip, cattle'* hair, awl thr [■roprr aitmunl of denn, 
sharp saiiil free fmm loam ami all other fxtrancous matters, and 
properly scratcheil and lift until thorouglily i!ry, 

S'y-.F.. The nmniint of siml usoil shouM lie delerminp*! by the eoarae- 
ness (if thp snn.l an-l the yiel.linc rapneity of the lime when sluke<l. It ia 
uaiial in Govprnmrnt work to specify I part of lime paste to 2 of sand. No 
two eask.H i,i limp will yi-^M the (i.ime amount of pnate. 

Brown Coal. 'Yhn hro^-n coat to he composed of the best mortar 
mixwi in proportions of one (1) barrel of best Hme as above specified, 
with onf anil a-half (1 1) bushels of hair as above specified, and proper 
amount of sand, and to be well hand-floate<l. Make the walls straight 
and pliiinb, and the ceilings level. 

Skim Coat. Tlie skim c-oat to be composetl of lime putty and 
go<x], sliJirfi, waslicd Ixach s!ind_ and to be thoroughly troweled and 
perfectly white. 

Prnhlem 27. (a) \Vh:it \x the weight of a brick wall 2 feet 4 inches 
thick, 12 fppt lonK, ami 1.^ feet hti,'li? 

('.) How many liriek.n will l« reijiiirei) to build the wallT 

Answer, {a). 21 X 12 X 15 = 42(J cubic ft. of wall. 
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If built of ordinan- soft brick, the weight = 420 X 112 = 47,040 
lbs. 

(6) If the wall is built of bricks 8J by 4 by 2 inches, with J-inch 
joints, the number of bricks required for one cubic foot of wall is 
21. 2(). The number of bricks necessary for above wall of 420 cubic 
feet = 420 X 21.20 = 8,920.2 brick. 

For common buildings, 5 per cent waste is incurred, in cutting 
bricks to fit angles, etc. Therefore, making an allowance for this 
waste, 5 per cent of 8,929.2 is 446.4. Then 8,929.2 + 446.4 = 
9,375.6 bricks to be allowed for building above wall. 

Problem 28. How many tons will a limestone pier, 2 feet 8 inches 
square and 10 feet high, safely carry, the pier being laid up in courses with 
cut beds? 

Answer. A limestone pier in which the height of pier does not 
excee<l eight times the least diameter, will sustain 40 tons per sq. 
foot. This is for first-quality dressed beds and builds, laid solid in 
mortar of 1 part Portland cement to 3 parts sand, or 1 part Rosendale 
cement to 2 parts sand. 

As a 10-foot pier of 2 feet 8 inches diameter has a height of less 
than 4 times its diameter, it will safely carry 40 tons per sq. foot. 

Area of pier = 7 . 1 1 sc|. feet. 

Safe load = 7.11 X 40 = 284.4 tons. 

Problem 29. Write a short specification for interior brickwork and 
mortar for same, for a Warehouse, to be built in Boston, whore loads on brick- 
work are to be 12 tons per sq. ft. 

Answer: Brickwork. The walls to be built of sizes shown, 
with well-shaped, hard-burned brick, of the best and hardest selection 
of the kiln, which shall be what are recognized as strictly first-class 
brick. Bricks to be well laid and bedded with well-filled joints and 
flushed up at every course with mortar. 

The bricks to be culled, where they show on both sides, so that 
both sides will be smooth, and the walls to be built straight and 
plumb. In no case shall one wall be carried up more than 15 feet 
in advance of other walls, and no break in height shall be more than 
six feet. 

Bond. All the walls to have every sixth course a heading 
course going through the wall. The interior walls to be bonded to 
the exterior walls and to each other in the best manner. 
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Swdled Brick. Xo 3we41ed, refuse, salmon, or other soft brick 
will !«? allowed in the wori:. 

Bricks to be Wet. All bricks used during the montlis from April 
to Novemlx?r. inclusive, shall be well wet at the time they are laid. 

AiKhoring. The walls to be anchor»l lo the steel l»ams and 
ginlers nnth stamlarti wrought-iron anchors. Build in all anchors, 
clamps, etc., necessary for firet-class work, and as specified in con- 
nection with brickwork, as the work progresses. 

Arches. Turn strong arches over all the openings in brick 
walls which are not shown to have steel 'beams over them. All 
arches lo lie built of good, hanl brick laid close and well keyed. 

Mortar. The mortar use<I in the walls to l>c composed of one 
(1) part American Portland cement, one (1) part lime and six (6) 
parts sand, by volume, dn'. 

All joints anil l>ecls to be filled solid with murtar, either by slush- 
ing, or by hnssle work, or grouting wHlh mortar. All the walls to be ■ 
laid with flush, smooth, ruled joints. 

Washing. All the walls to be well washed down at the com- 
pletion of the work. 

Whitewash. All the walls to have two gixwl cuats of Ix'st white- 
wa.sh. 

Problem 30. Specify some of the desirable points to l>e iibserved in 
the construclioD of a house wa!i of limealnne Willi brick backing. 

Avmccr. Limestone. All the limestone to be the best buff 
Bedford limestone, free from all spots, stains, seams, iron rust, and 
all otlier in perfections; and to be uniform in color. The surface 
of all limestone to be fine patent-axed. 

All the limestone to be laid on its natural bed and to have sawed 
Itacks. 

All the limestone to l>e jointed, as shown in drawings, and to 
have beds and joints \ incli wide and all be<is to be cut level anci 
not pitching back from the face of tlie stone,* and to have beds of 
uniform thickness of mortar. 

Anchoring. All limestoue to be anchore<l to the brick backing 
with wrought-iron anchors. Stones 2 feet or under, to have one 
anchor; and over 2 feet, to have two anchors. 

Sills. All the limestone sills to be set firm at the ends, with no 
mortar under the middle. After the building is up, and has its 
settlement, point up under the middle of stones. 
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Mortar. All the limestone to be laid in La Farge cement. All 
the stones to have tops, bottoms, sides, and backs covered with Anti- 
Hydrine or Dehydrine before being set in the walls. The exposed 
surfaces to be kept free from the damp-proofing. 

Pointing. All the joints and beds in the limestone to be raked 
out at least \ inch deep, and then pointed with La Farge cement, one 
(1) part cement and two (2) parts sand, and to he finished with a 
flush -ruled joint. 

All the joints in steps, platforms, copings, chimney caps, pro- 
jecting strings, and cornices, to be grouted solidly with li(juid I>a Farge 
cement, one (1) part cement and two (2) parts sand. 

Washing. All the exterior walls to be well washed down at 

the completion of the work. 

Problem 31. State the thickness »it tho base a retaining wall should be 
to hold an embankment 15 feet high. 



5 Tons. 



±j^ 



300 Lbs, per foot 



16' 




Answer, The thickness of a 
retaining wall depends upon the 
nature of the materials to he re- 
tained; and experience alone can 
be the guide when this backing is 
other than sand, gravel, or earth. J^j^ ^^ 

With a wall of cut stone, or first- ^^^- ^' Reinforcem.nt of concrete (Mrder. 

class large ranged rubble, in mortar, the thictm\ss, at the ))ase, should 
l>e .35 of its entire vertical height. Thus, for a wall 15 feet high, 
the thickness = 15 X .35 = 5 feet 3 inches. 

PROBLEMS ON CONCRETE 

Problem 32. What methods are commonly used in reinforcing concrete 
columni, and what is considered good practice in regard to tie hoops, etc.? 

Answer, Rods are sometimes place<l in the corners of columns 
tied in by occasional horizontal hoops or some form of spiral tie. 

Large rods are sometimes placed in the interior of cohimns to 
assist the concrete in taking some of the vertical compression strc\ss. 

Both methods are sometimes combined. In either case it is 
considered good pmctice to space the horizontal hoops a distance 
apart ef|ual to the smallest (limen.sion of the column, and to provide 
koops of a diameter equal to one-fiftieth of the sj)acing, or more hoops 
spaced closer of an equivalent area. 
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The area of beam of above d is equal to 12 X 24 = 288 sq. inches. 

Solving formula 2, we have, p = .007. Then 288 X .007 = 

2.016 sq. inches of steel. 

Problem 34. What size of steel rods are required to reinforce a square 
reinforced concrete column to carry a load of 100,000 lbs., placing a round rod 
at each corner 2 inches in fror: the face of concrete, height of column 12 feet? 

Notation and Assumptions: 

C » Total compression on concrete and steel per sq. inch — that is, 

the total load divided by the total area of cross-section of column. 

C^ mm Compression in concrete persq. inch. 

p ■> Ratio of steel to total cross-section of column. 

E 
f — - = Ratio of moduli of elasticity of steel to concrete = 10. 



Allowable Cc = 500 lUa 
Formula: 



C - Cc 
V 



Cc(r-l) 

t^ohUum, Assume u cohunn 12 inches sc]uare; its area = 144 

sq. inches. Then 

(■=.'<>«.««0 = 690 1b8. 
144 

Substituting values in formula, we have, 

• 090-5()0_ 190 
^ " 500 (10 - 1) ■" 4,500 ■" • 

Then, multiplying .042 by 144, the number of s(j. inches, gives 

6.048 sq. inches as the total area of steel required. Dividing this by 

4 gives 1.512 .scj. inches = area of rod at each comer of column. 

This means a ro<l of 1 J^^ inches diameter, which has an area of 1 .623 

SCJ. inches. 

Problem 35. What load will a concrete column 20 inches square, 
reinforced with four 2 in. diameter rods, safely carry if the concrete is limited 
in compression to 400 pounds per. sq. inch, column 16 feet high? 

Ans^'er. With notation and formula the same as above, we 
have: Area of four 2-inch rods = 3. 1416 X 4 = 12.5664 sq. inches. 

Then the ratio of steel to concrete (p) = - ^* ^^ = .0314. 

^^^ 20 X 20 

Substituting these values in the formula p = y:^- --r 

and transposing, we have: 

C = 400 [(1 - .0314) + 10 X .0314] 
= 400 f.00.S6 -f .314) 
= 513.04 lbs. 
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Multiplying this value of C l^ the area gives: 400 X 513.04 = 
205,216 lbs., load the column will carry. 

Prohlcm 36. Stnte the thickness of concrete re(]iiirf(l in Ihc floor of the 
fiAlar ilearribc'l in Problem 21, to resist the water pressure. 

AnsuiT. The weight of a cubic foot of sea water is 64. OS lbs. 
'ITie weight of a ciihic foot of concrete is 140 Ih.f. That is, a cubic 
foot of concrete is sufficiently heavy to displace a column of water one 
foot square and 2. IS feet hifch- In the ctample to be solved, the 
(juantity of water per square foot to be displaceil is 5 cubic feet, which 
can Ik' done with 5 -^ 2.11^ = 2, 20 cubic feet of concrete. In 
practice tJie floor of the !d>ove cellar wirtild Ih- iniidc frum 2.-'! to 2.5 
feet thick. 

Pr'ibtem .'17. Lh.turil"' ihe manner of wMer|iriHitinp thu iilnivr deHt^ribed 
cellar in order to ranke it absoluleiy wBler-tiithl. 

AvivtT. \Mien the footing has l<een etmiplctcd , it is covered 
with 5 layers of mopped felt with a one-f<H)t lap on both sides of the 
foundation wall, which is then constructed. This uictliix] allows 
bonding with the waterproofing of cellar floor and vertical walls. 
Over the surfmf of the a-llar, lay six inches of concrete so that it 
finishes flu.sh with the top of the footings. On (op of the concrete, 
mop with hot usplmltum. and lay best five-ply waterproofing consist- 
ing of HKiGng fell laid lapping cuds and bn-aking joints, welt Ixtuded 
to waterproofing over fwilinga and mo[)ped Ijctwccn each layer with 
hot asphallum or tar. 

Waterproof e-xterior wall as descril)«l al)ove for cellar flcjor, 
Itonding same to waterproofing on top of footings, continuing simc 
to required height. I.«y eight inches of brick on outside to support 
waterproofing and protect the same from lieing broken during the 
filling. Tpon the waterjirfxiling of cellar floor, lay two feet of con- 
crete to hold the walcTproofing down against the water pressure, 
making a total thickness of 2 feet 6 inches of concrete. 

Problem 38, Write a specificaliou for concref* footings for a rirst-clasa 
building, giving the proportions of ingredientn and the manner of mixing 
and laying. 

Answer. Concrete. All cement shall be first-^lass Portland 
of a reputable brand, to be approved by the Architect, and shall \k 
siibjectetl to a tensile test to Ijc made under llie direction nf tJic Archi- 
tect ; and any brand or prtel which does not come up to Ihe rcquirwl 
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specifications or does not set up in a suitable time, shall not be used, 
but ishall at once be removed from the site of the work. 

Briquettes of neat cement of one square inch section shall develop 
a tensile strength of 200 lbs. or upwards in twenty-four hours, having 
stood until set in air and the remaining time in water. The cement 
shall develop an initial set in not less than thirty minutes, and a 
hard set in not less than one nor more than ten hours. 

The cement shall be stored in a building which shall protect it 
from the weather, the floor of said building to be not less than 6 
inches from the ground. 

The sand shall be clean and coarse or a mixture of fine and 
coarse, with the coarse predominating, and it shall be free from clay, 
loam, sticks, organic matter, and other impurities. 

The broken or crushed stone shall consist of hanl and durable 
n>ck, such as trap, granite, or conglomerate, properly crushed to a 
size that will pass through a ring J inch in diameter, for floor slabs 
and column foundations. Two-inch stone may be used in founda- 
tion wall. The dust to be removed by a J inch screen, to he after- 
wards, if desired, mixed with and used as a part of the sand. 

Mixing. Tho water used for mixing is to be free from acids 
or strong alkalies. 

The concrete, unless otherwise specified, for floor slabs and 
column foundations, shall be mixed in the proportion of one (1) part 
cement, two and one-half (2i) parts sand, and five (5) parts of broken 
stone mixed as follows: — 1 barrel (4 bags) Portland cement to 2 J 
barrels (9.5 cu. ft.) loose sand, to 5 barrels (19 cu. ft.) of broken 
stone. Sufficient water to be used to form a mass of jelly-like con- 
sistency which quakes on ramming. For foundation walls use 
1 — 3 — 6 proportions and stone up to 2\ inches. 

In mixing, the cement and aggregate shall be mixed and the 
water added on a tight platform large enough to pmvide space for the 
partially simultaneous mixing of two batches of not more than one 
cubic yard each. The sand and cement shall be spread in thin 
layers and mixed dry until of uniform color. This mixture may be 
spread upon the layer of stone or the stone shoveled upon it before 
adding the water, or it may be made into a mortar before spreading 
it with the stone. In the former method the materials shall be turned 
at least three times, tb? water being added on the first turning. Jn 
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the latter method the rnaas of mortar and stoue shall be tumtxlai' 
least twice. Whatever method is employed, the number of turn- 
mgs shall be sufficient to pnxluce a resulting loose concrete of uni- 
form color, with the stones thoroughly incorporated into the mortar 
and the consistency uniform throu^out. 

Placing. Concrete shall be placed in such a manner that there 
shall be no distinct separation of the different ingredients; or, in 
cases where such separation occurs, the concrete shall be mixed before 
placing. Each layer in which the concrete is placed shall be of 
sucli thickness that it can be incorporated with the one previously 
laid. Concrete shall be used as soon after mixing as it can }>e rammed 
or puddled in place as a plastic, homogeneous mass; any which 
has set before placing shall be rejected. Wien placing fresh concrete 
on old concrete surface, the latter shall be cleaned and washed, with 
clean water, free from all dirt or scum, thoroughly wet, and brushed 
with a wire brush. 

Noticeable voids or stone pockets discovered when the forms 
are removed shall be immediately filled with mortar mixed in the 
same proportion as the mortar in the concrete. Forms shall be wet 
(except in freezing weather) before placing concrete against them. 

Exposed faces shall be made smooth by thrusting a sjtade or 
chisel through the concrete clf>se to the form, to force back tlie large 
stones and prevent pockets. 

Freezing Weather. No concrete shall be exposi-d to frost until 
hard and dry and materials employetl in freezing weather shall con- 
tain no fnist. Portions of surface concrete which have frozen shall 
be removed before laying fresh concrete upon them. 

Forms. The lumlx^r for the forms and the design of the forms 
shall be adapted to the structure, and sufficiently tight to prevent 
loss of cement or mortar. They shall be thoroughly braced or tied 
together so that the pressure of the concrete, or the movement of 
the men or materials, shall not throw them out of place. Forms 
shall lie left in place until, in the judgment of the Architect, the con- 
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crete has attained sufficient strengtli to resist any accidental thrusts '^^^| 

or permanent strains which may come ujwn it. Forms to Ih' tbort>^^^| 

^^ i^ughly cleaned before being used a second time. ^^^| 
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PROBLEMS ON STEEL 

Problem 39. What is the safe load for two 9-inch channel columns 
24 feet long, the channels weighing 13 ^ lbs. per foot each, with two ^-inch side 
plates 11 inches wide? 

Answer. A table with safe loads for 9-inch channel columns 

will be found on page 140 (Carnegie H. B.). The safe load for a 

9-inch 13.25-lb. channel column, 24 feet long, and with 11 X i-in. 

side plate = 112.7 tons. 

Problem 40. What is the safe load for a 3}x3}x}J-inch steel angle 
post 12 feet long for a quiescent load, and what for a moving load? 

Answer, A table of ultimate strength of steel columns for 

different values of is found on page 143 (Carnegie H. B.). For 

r 

I 12 
the above angle post, — = = 17.9. In the column for values of 

/ -5- r = 17.9 (or 18), the ultimate strxngth per scjuare inch = 21,780 
lbs., for a square bearing. Therefore, with a factor of safety of 4, 
for a quiescent load, 

Q. . . 21,780X5. 03 (area) o^ ...^ oc lu 

Safe load = - , = 27,388.35 lbs. 

4 

With a factor of safety of 5 for a moving load, as in bridges, 

«... 21,780 X 5.03 oinin«wii 

Safe load = = 21,910.68 lbs. 

5 

Note. Values for r, least radiuH of gyration, and area, wen^ found on 
page 118 (Carnegie H. B.). 

Problem 41. What is the tensile strength of a 3} x 3i x jj-inch steel 
angle, no allowance being made for rivet-holes? 

Answer. From the above problem we have the section area 
of 3i X 3i X 1 5-inch angle = 5.03 sq. inches. 

The Boston Building Laws allow a tensile strain (safe) for steel 
of 16,000 lbs. per sq. inch. Then the tensile strength = 5.03 X 
16,000 = 80,480 lbs. 

Problem 42. State the size, weight, distance on centers, and projec- 
tion of steel beams required for footings under a stone wall 2 feet thick carry- 
ing ajoad of 15 tons per square foot, allowing 3 tons per square foot on the soil. 

Amwer. Calculations for the use of I-beams in wall founda- 
tions, taken from Carnegie H. B., page 165. 

I>et L = Weight of wall jX3r linear foot in tons = 2 X 15 = 30 
tons. 
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Then^ 



Bearing capacity of soil = 3 tons per sq. foot. 
30 



= 10 = W = Required width of foundatioi 

in ft., of tlie required length of I-beams. 

The projection of the I-beams, from under each side of the * 

= i (H' - width of wall) = ^^^ - 4 feet. 

Now, referring to the tables on page 166 (Carnegie H. B,), 
find for a 4-foot projection, under ft = 3 tons, that a 12-inch I-beani' 
of 31 .5 lbs. per foot, placed I foot on center, will make the properJ 
footing. 

ProbUm 43. Wlmt ie the safe shparing atrnin for n j-iarh rivei 
Huigle shear, and wbat tbi; strain in double ubear? 

Anxwer. Tables for the shearing strain of rivets are found 
page 195 (Carnegie H. B.). 

For a J-inch steel rivet, the single shear is 4,420 lbs., in tl 
tables calculated for a single shear at 10,000 lbs. per sq. inch 
allowed by the Boston Building Laws. 

In order to obtain the value for double shear, mnltiply the single 
shear value by 2. Thus, 2 X 4,420 = 8.840 lbs. 

Problem 44. Give rii.imcter ami IhicfcnoBs ot mclal cequired far a raat- 
iroD aolumo with square-faced bearings 2<J feet long, carrying a load of 300 toiu. 

Answer. As the allowable stresses are determined by values of 
/ -f r, we assume a diumeter of column of 13 inches in order to 
determine r, the radius of gyration. Then, 



' = 3.95, 

where d => Outside diameter of column, 13 inches, and d^ = Inside 
diam. 9 in. Then / -r r =■ 240 -^ 3.95 - 00. For a value of 00, 
the Boston Building T^a^vs allow a stress of 9,.500 lbs, per sq. inch. 

The load to be carried is 300 tons = 600,000 lbs. Di\-iding 
this loa<l by 9,500 gives 63,15 sq. inches of metal section required. 
This load can safely be borne by a column of 13 inches diameter 
and 2 inches thickness of shell, which has an area of section = 69 
s(\. inches. 

Problem ■15, State the thickness required for the top and bottom 
plates for a boi-girdcr with 42x^inch web plates, SxS^xHnch angles, and 
Mange plates -TO inches wide, to carry a uniform load of 243 Ions, the span of 
girder bearings 30 feet. 
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Answer. Tlie table of Box girders is found on page 162 (Car- 
negie H. B.)v and the column for Safe load, including weight ot 
girder, opposite a span of 30 feet, for a 42 X J-inch web plate, gives 
219.5 tons. This load is with top and bottom flange plates of lii) X 
\l inch. Subtracting the safe load for 30 X j « in. plates, of 219.5 
tons, from the load of 243 tons to be carrie<l, we have 23.5 tons, 
for which an increase in thickness of flange plates is necessiiry. The 
same tables allow an increase in the safe load of 12. IK tons for an 
increase of jV in. in thickness of each flange plate. Then»fon», by 
increasing the thickness of each flange plate by ^\ of an iiH*h, the safe 
load can be increased by 2 X 12.18 = 24.30 tons. 

Or, a box girder with top and bottom flang<* plates 3t) X | i 
inch will carry a safe load of 219.5 + 24.30 - 243. S(> tons. 

Problem 46. What is tbo safe load for a single? 7-iiirli 9.7r)-lb. clinniirl 
column 10 feet long? 

Aivnvcr.^ The table for ultimate stn*ngtli of steel eolnnuis is 
found on piige 143 (Carnegie II. B.). The value for the length (in 

feet) -T- the least radius of gyration = r r 17.00. In the 

tables opposite the value of 17.00 for / -i- r, w<» find the ultimate 
strength per sfj. inch = 23, llKJlbs. 

The safe load is obtained by multiplying by the sectional area 
and dividing by a factor of safety of 1. 

Safe load = ^.'i''-'^/ 2.S5 ,p, ..,.^,^^7 „,„ 

4 

Note. The values for r and the area an* found uiidiT rroixTtioH of 
Channels, page 101, Camegie H. B. 

Problem 47. What safe load will a caRt-iron coluinn HUfltain, i\w column 
being 12 inches in diameter, 2 inches thick, and 20 feot lonf^? 

Answer, The sectional area of the alK)ve eolunni is ()2.Sl s(j. 
inches. In order to detennine the working stress, first find the 

value for - • 
r 

4 4 

where d = Outside diain. and rf^ = inside diain. Then 

/ 240 ^„ 
r ^ -TsoiT " *'•*• 

The Boston Building I>aws allow for a value of / -^ r = 60, 
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• Widl^ )Bc» «< 9v3in lb*, prr «|. inch; and for £ -s- r = 7IJ. a 
' Jl l i B. i n iirf»aUttfce, Their diffpremt- = 300. Taking iKivf- 
MM^ «C JH^ vAirk B 90. ^Irtnctin^ il from f),JOO, gives 9,410 
ht. M Ife lanftaf sosia for L -e- r = G3. 

^_ SifrhMi«0-MX 9.410 = 501,324,4 Hh. 




I for !i 4-iiieh Z-liar 1-incli 

A nUt of afc IdmIs, tmifonnly iljstribulcd. for 
I* Bhbs^ h loMBd on pagp 75 iCamegio H. !).)• 1" 
betweii supports = 10 fwt, and oppu:iile a 
tite ftuncl: SuTi- kmd = l.USton.s. 
I tt> •kamrtrr it thi- rii.l of ii Z-Jncb wruught-iran 

of opset scn-w vtu\ is 21 indies. 
■•■dc Mtvoctb p-r Hiuunt incU for hImiI and 

TW afc kaafe sUvnglfa per sq. ini-h for sUfI i» 
fcr w in g MiaaB. I2jnm IIm.. ■» Kllon-cd by the Boston 



kail for a I2-ineh 31.S-H(. I- 

■■■i.ti ^j vet "oR^' If ■!(*•! :n i on!ina[. wh:it liiail will the beam carry without 

I (-■'.•' A :u:>«- I't' ^tV uriifomi kuiils f(»r l-U'iiiiis is foiniil on 
iM..? r: » \i rtTt ;n<:> H. K , KiT u ln-.mi i"» ftt't long, 12 iiifhcs iIc<-[), 
A-i.; N*v'.r* ■ -: ■'■ " 1'"^ t'*T f*"***- thf sifc load = 7.l>7 tons. 

{■'. v.w ui-it-^ all kwds aUivf tlic UWk cross-linos niav \n- 
cirr^o: vvunvuc vravldiu: tht> j»Usi«>r, .V^ iho 7.»i7 ton load was 
ri'iid.l Kiow thv black lim' it L-; nr'cosstri,' to dotennine another load 
which will tuH 1.-UHA' tixi gn-ut a detk\tion. 'lliis is done by miiltj- 
[4Mtii: the k>aii giwn inimtiliacely alMve the black cross-line, by 
the ^iiiat\- of ih^- a*n\':<jx>nding span, and dividing by the aiiiare nf 
the nttuifwl .-'(.Kill; the rt-^iili «-iII l<e the safe load without cracking 
the (>la,-:ter. 

Safe Kwd = ' - \. " = <>■ 137 tons. 

rn<hU"t 52. \V!i:it is thp sufe iiuiesooni Wii alUiwcii on a twelvf^inch 
3I.5-pi>unii l-l«'sm us^l ;i.i :i (mtH. 10 tcvt loiii;? 

.■in9ui-r. A table of ultimate strength of columns is founti on 
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page 143 (Carnegie H. B.) for values of / -?- r, where / = Length in 
feet, and r = Least radius of gyration. 

^ = -^ = 15.8 

r 1.01 

For this value of Z -f- r the ultimate strength = 25,020 lbs. per sq. 
inch. Safe load = Area of section (in sq. inches) X 25,020 h- factor 
of safety of 4, for quiescent loads. 

Safe load = ^J^^^9^^_ == 57,921 .3 lbs. 

4 

Note. The sectional area and the least radius of gyration r were found 
on page 97, Carnegie H. B. 

Problem 53. State the size, weight, area, and distance apart required 
for eteel I-beams of 20-foot span in the floor of a fireproof office building. 

Answer. A table of the spacing for I-beams for uniform loads, 

is found on page 81 (Carnegie H. B.). The spacing for a 12-inch, 

31.5-lb. I-beam for a load of 100 lbs. per sq. foot, is 9.6 feet. 

For a load of 200 lbs. per sq. foot, the spacing is one-half of 9.6 = 

4.8 feet. As the load per sq. foot pf a fireproof office building is 

190 lbs., the spacing will equal 4.8 + one-twentieth of 4.8 = 4.8 

+ .24 = 5. 04 feet. 

Problem 54. What load will a steel suspension rod with upset screw ends 
two and one-half inches in diameter at the ends, sustain? 

Answer. From the tables on page 205 (Carnegie H. B.), we see 
that the diameter of the round suspension rod is 2 inches, for a diam. 
of the upset screw end of 2\ inches. Area of cross-section of 2-inch 
bar = 3.1416 sq. inches. The safe stress allowed per sq. inch of 
steel is 16,000 lbs. (Boston Building Laws.) 

Safe load for suspension bar = 16,000 X 3.M16 = .50,265.0 lbs 
Problem. 55. State size, weight, and area of metal required for two 

stool I-}K»ams, with top and bottom plates, for a span of 20 ft., carrying a 

load of 100 tons. 

Answer. Tables for beam box girders, made up of two I-I)eams, 
with top and bottom plates, are found on page 155 (Carnegie II. B.). 
In the column of Safe loads, opposite a span of 20 feet, 85.12 tons is 
given as the safe load for 10 X f-inch plates. Subtracting this load 
from the load to be carried, we have, 100 — 85.12 = 14.88 tons, the 
necessarv increase in load. For an increase in the safe load of 3.76 
tons, an increase of ^\ inch thickness of flange plates is necessary. 

14.88 -5- 3.76 = 3.9 (or about 4) 
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This ^tms Ami aa mciease of ,'( bcb in thickness of eadb Qtoss 

yiMvv BEtcaivn. HwRfcre a tooil of 100 loiis u-ill be safetr carrinl 

tm % tas pais of t«o 1^4Ddi I-beams with 2 plates of 16 X 1 tncb 

.k«K«f Mr««« M t I-txsnu ' 2 X 15 03 ^ 31.S6 sq. inches. 

- - - - 1 plain = 2 X 16 \ I = 32. sq. inches. 

Totd H«* o( box iiirder 63 Mi sq. inctiM. 
S ^ t3x M- n* «*« fachM'of melsl in fiance {Jates. 
MlX->Bt«L^*MMeiti«ho<ateel) - lOS-67 lbs. wt. of pluiea. 

110.00 " " 2I-br(«i,9- 

Vi4^ fw fart «< btn ^rdw 21^.67 lbs. 
AiA^B Ift. VWK fe A» rahtim lUvagtb of • bpam fixed at odc cod 
VMlwAaailr WlWt M« >!■■ --■*—"']■ laidcd UmI supporteil at both eadaT 

JNmhpl a b«M, find at one end, um) uniformly loaded, will 
tMat-tHi^ vM^^aMtf IW k*J of m mnStt bnun with u uniform load 
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^HtM^ S. Vkaa * iW nbtn* Mn-agtb of a beam fixed at one cml 
fciMtit M ife» «lftMC k* • bMM «a»intily badril and supponed at boih 

Be vnd mnd k»det] at the other, will 
1 nf a simiW beam iritli a uniform load 
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\\'ia[ :^v kW wiU » l2-inch 31 5-lb. steel I-beara. 12 
:Vvt ,111;; ^virr\ , :;it Ivtuu bein^ S.\*Hi in a "■all at one end and loaded 

Ans. 1.99 tons. 

'■vf tiiv kiiaineter inj thickness of metal required for a 

ci.-a-!"'!! ivluiuii with -^lUire-^KW lufariiig. IS feet long, earning 

;i liM.i ■:' I'-'f^S loiT.-v ."-tre^^tfes i«.vording to Boston Building L^ws. 

Ass. i>iam., II inches. 

Thickness of metal, 2 inches. 

;, Wii^it L.- [\w sifi- jhturirig strain for a l-ioch steel rivet 

ill siii;;(f --hvar. ^riii what thy >rrain La double shear? Use Camc^e 

Ans. Safe single shear, 6, 010 lbs. 
■ doubk " 12, 020 lbs. 
4. What is the strain in a guy rope of a derrick itDder the 
following conditions:- Mast 30 feet k>ng above the loot <tf the boom; 
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boom 30 feet long, horizontal; load 5,000 lbs. at end of boom; 

guv n>jx» at an angle of (50 degrees with tlie mast. 

Ans. 10,000 lbs. 

5. What size (diameter) manila rope would be required to 

sustain the stniin of 10,000 lbs. in above guy rope, using a factor of 

safetv of 4? 

Ans. 2.6 inches. 

f). \Miat size (diameter) of iron wire rope would be required 

to sustain the strain of 10,000 lbs. in above guy rope, using a factor 

of safetv of 4? 

Ans. IJ inches. 

7. ^Miat safe load will a white pine or spruce post, 12 inches 
s(iuarc and 20 feet long, carry? (See Boston Building Laws.) 

Ans. 80,640 lbs. 

8. State the size re(|uired for a long-leaf yellow pine post 20 
feet long, carrying a load of 1(X) tons. (See Boston Building Laws.) 

Ans. 16 X 16 inches. 

9. ^Miat is the safe loiul for a column IS feet long, made of two 
7-inch 9.75-lb. channels with 9-inch X s-inch side plates? 

Ans. 101.7 tons. 

10. ^Miat load will a cast-iron column, with square-faced 

bearings, 14 inches in diameter, 2 inches thick, and 16 feet long, 

sustain? 

A.\s.« 750,130.5 lbs. 

11. State the size, weight, and area required for a Z-bar column 
20 feet long, carrying a load of 300 tons. (Use Carnegie Tables.) 

Ans. 14 in. Z-bars, 14 X i\ in. plates. 
172.6 lbs. Aiv'd of 50. <S sq. inches. 

12. \Vhat load will a concrete column 16 inches square rein- 
forced with four 2-inch in diameter rods siifelv carrv if the concrete 
is limited in compression to 5(K) pounds |x.t scjuare inch; column 14 

feet high. 

Ans. 1S4,44S lbs. 
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REVIEW QUESTIONS. 



PRACTICAL TEST QUESTIONS. 

In the foregoing sections of this Cyclopedia nu- 
/ncrous illustrative examples are worked out in 
detail in order to show the application of the 
various methods and principles. Accompanying 
these are examples for practice which will aid the 
reader in fixing the principles in mind. 

In the following pages are given a larg« num- 
ber of test questions and problems which afTord a 
valuable means of testing the reader's knowledge 
of the subjects treated. They will be found excel- 
lent practice for those preparing for Civil Service 
Examinations. In some cases numerical answers 
are given as a further aid in this work. 
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RKVIKW QUESTIONS 

Oir TJKia 8T7BJBOT OV 

STEEL CONSTRUCTION. 

• PART I. 



1. What are the structural elements of a building and what 
are the functions of each ? 

2. Define the terms "wall columns," "wall girders/* "lin- 
tels,'* "spandrel beams," "curtain walls." Describe the purpose 
of each. 

3. Give the thickness of exterior walls from basement to 
roof of a ten-story building, usin<^ the tabh* <^ivcn in C'hicago 
laws. 

4. Given an office building of ten stories each 12 feet 
between floors, with wall columns spaced IG feet center to center 
and having three windows in each story 4 feet between jambs 
and 7 feet high, separated by two piers 1 6 inches wide on face, 

(a) Give the minimum thickness of walls by the New York 
law, if these walls are carried on steel lintels. 

(6) Draw a section of this wall over one window, showing 
the size and character of lintel required to carry the wall between 
columns and to support a 4-inch stone arch over the window. 

5. What are the general types of floor arches in use? 

6. State the systems which require the use of tie rods, and 
state why these are necessary. 

7. Define the terms "beam" and "girder" and state the 
two uses of the term " beam." 

8. Make out a schedule of plain material to be ordered from 
the mill, including angles, tees, zees, beams, and channels. (live 
all information required to enable mill to make shipment 
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STl'lEL. CONSTRUCTION. 

PART II, 



]. Di'scribe in detail the method of procedure in lavinjj out 
the steel fniniiiig of an ofiice building, starting Initu the anrhitect'a 
pliiiia, as a basis, and giving each step. 

'2. State some of the cmsidemtions iiffcoting tlie choice ol 
I cnUinin shiipe. 

3. Given i\ lo-inch 42-i)oiind beam nn an effective span of 
12 fept. Determine tlie bending moment in inch poundB which 
thi^j Warn will carry, assumin^r a safe fibre stri?s3 of 16,000 pounds, 

4, Detennine the totiil load uniformly distributed which 
the Jihove l)eam will carry. 

i>. Determine the totjil load the beam of Question 3 will 
carry if concentrated in two equal loads, dividing the span into 
thirds. Show that the relation between tolal uniform load and 
totjil loads concentrated as iibove is always constant. 

6. In the alHive U-ani determine the totjd load which can 
lie carried if concentrated at the center, and show that this relar 
tion of this concentrated load to tlio totiil uniform load ia always 
constant. 

7. What is the di^tini'tion lietwet-n the terms " deiid load " 
and "live load?" 

8. Why b it important to have tlie framing symmetrical 
about the axis of a column, and what effect on the column does 
eccentric connection have? 

9. Determine the proper size of ciist-inm bearing plate to 
use with a 15-inch 42-pound beam having an effective span of 
18 fei't and loaded with a maximum safe uniform load at a fibre 
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strain of 15,000 pounds ; the beam having a bearing of 12 inches 
on the wall, and the safe bearing being taken at 15 tons per square 
foot, 

10. State safe values of ** live load " for building of the fol- 
lowing classes when designed for the customaiy uses : 

(a) Office building. 

(6) School building. 

(c) ABsembly hall. 

(d) Hotel. 

(e) Warehouse. 

11. Using Gordan's formula, determine the total load which 
can be safely carried by a column 14 feet long, composed of a 
12-inch by ^-inch web plate, and four angles each 6 inches by 4 
by I inches with the long leg out. 

12. Using the formula given by the New York building 
law, determine the total safe load that can be carried by a cast- 
iron column 10 inches in diameter, 1^ inches thick, and 12 feet 
long. Use formula given in Cambria for determining value of 
radius of gyration. 

13. State the data required and the operations involved in 
the following cases : 

(a) To find the actual llbre stress on a given beam supporting known 
loads. 

{b) To find the size of beam required to carry a system of known 
loads at a given fibre stress. 

(c) To find the total load uniformly distributed, which a given beam 
will carry at a given fibre strain. 

14. Determine by Gordan's formula the totiil safe load that 
can l)e carried by a column 14 feet long composed of two 10-inch 
15-pound channels placed 6^ inches back to biick with two side 
plates 12 X I inches riveted to the flange. 

15. Make out a bill of material for the head of the column 
shown by Fig. 127; scale measurements, assuming drawing to.be 
made to a scale of one inch equal to one foot. 

16. For what combinations of loading should roof trusses 
be designed ? 

17. State the three types of foundations, and describe each. 

18. State some of the features which should be considered 
in designing a truss, and which affect the weight. 
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L IHwiaii lh« MlwiMg pie— wrf aaM iWar t»: ^ 
flthig'«p teb^ 04 drilk piw; («; dma •*»; (4/ din asto; 
(•) tantMMtfcW; (T) ^ 

2. fHve the CkmegiB cade of eMW —Ei o— 1 ligas Ibr rivet- 

A. IfcfCRriBiiM tbe Artriag mad bcarwg talae of • |-ia. 
rfnt rm • web | fn. tUdfc tor baib t&op ft 

I. In fie;. IW, detprminfr the nnmber of rivets »cta«llT 
fwjiiirH*! ff,r tK« cf>nat^:tif>a of Xo. H trj Xo. 9, and for >'o. i> to 

N''>. IJ, I)>r,'Trmim; the loeul by the fall cftpaciir of biranis as 

.*. Statt- tfi*; miniiiiiird a[)ana for which gtaodard coDiH^tions 
«i(i \n: ii*-'i on an 8-in.,-!2-in., arwl l.>-in. Leaiii Iriedtd Qoifoniilr. 

*i, Mak« a flli'ip 'i'-tail of a cac-t-iron liase with rilts, for 
»»lritfi[i N'l). 2 iiliown in Fiir. i'J*;. Da**; to Ije 3 ft. X 3 ft. oq tiie 
Wittom And l~i in. )ii<rh. 

7. Mdk": a hIi'iji d'tail of a lintel carryiiig a IG-in. wall, 
and foin [i^tHfTd of two I'l-in, lo-l!*. channels and one 10-in. U.-aui. 
lilt! rlcur 0[Hni(iK Uiiiif; 7 ft, and the chanoel to be placed iJush 
witl. III.: fjK.Mof tlje uhII. 

H, Makri a uliop detail of column Ko. 1 in Fig. 199, 
)>(ii.'lh fr'iiti top of cji^tinin ha.-a'-plate to finished floor 12 ft. 
(; ill. Mil"-' ]il!itti to 1h- :;') / tta / 2 ill.. Biinilar to that shown ia 
t'i^. Klil, 1'i.rtTI. 



REVIETV^ QUESTIONS 

ON thk subjbct of 

STEEL CONSTRUCTION 

PART IV. 



1. Name the comi)onent parts of a plate girder and state the 
functions of each part. 

2. Give allowable fiber strains for compression, tension, and 
shearing in building work. - \ 

3. Design the section of a single-weo plate giroer to carry a safe 
load of 160,000 pounds, uniformly distributed on a span of 30 feet 
center to center. Neglect the proportion of bending moment carried 
by the web and proportion both flanges alike for the total bending 
moment. Design on the basis of stiffeners to prevent the web buck- 
ling, and use a web 30 inches deep. 

4. Design the section of a two-web plate girder to carry a safe 
load of 400,000 pounds on a span of 36 feet clear l>etweea walls; this 
load to Ihj concentrated at five points ecjually distant l)etween the wall 
faces. Determine pmper wall l)earing and l)ed plate for a brick wall 
laid in cement mortar. Use webs 42 inches deep, and flange plates 
20 inches wide. Assume the distance l>etween centers of gravity of 
flanges as 42 inches and proportion flanges for total l>ending moment. 
Use a web thick enough to prevent buckling without stiffeners. De- 
termine the length of all plate.s. 

5. In the above ginler determine the actual centers of gravity 
of the flanges with the section chosen, and on the basis'of this distance 
l>etween centers of gravity, determine the actual bending moment and 
the total load the girder is capable of safely carrying. 

6. In the girder of problem 3, determine the pitch of rivets 
through the web and angles, and through angles and cover plates; (a) 
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by approYimate methods, (b) by exact formula. State anj" moflifica- 
tion of results necessary. 

7. In the girder of problem 5 determine the rivet pitches for i 
both horizontal and vertical rivets using (a) approximate methods and ' 
(b) exact formula. State any modification of results necessary. 

8. Make a complete shop detail of the girder designed under 
problem 3, and give bill of material. ■ 

9. Make a complete shop detail of the girder designed uni.ler 
problem 5. Arrange for 15-inch beams to frame in each side of the 
girder at the position of concentrated loads, the tops of these l>eams 
being I h inches below the back of top flange angles; the [jeams to rest 
on bracket angles, with suitable shear angles and a side connection 
angle rivelecl to ginler. Splice the web at a convenient point ne^r the 
center. 

10. Give the i-onilitions of efjuilihrium for statically detennineiJ 
trusses. 

11. Given a truss with parallel top and Imttom chords, 50 feet 
long center to center of Ijearings, of the type shown in Fig. 272, with 
ten punel-s, and loadeil with 1000 pounds per lineal foot on the top 
chord, .\ssume the distance center to center of chords as G feet and 
make a strain sheet giving stresses and sizes suitable for each member. 
Note that top chord is subjected to liending. Assume the top chord 
braced at the center and midway between the center and the walls. 
Denote by proper signs the compression and tension stresses. 

12. Explain the difference between internal, or inner, forces and 
externa! forces. 

VS. Redesign llie truss of problem 11, on the basis of a ceiling 
load of 300 pounds per lineal foot of truss, in addition to the load on 
the top chord. The ceiling joists are assumed as resting directly on 
the Ixittom chord. 

14. Given a truss GO feet long center to center of Ijearings, and | 
loaded with a total load of 1S0,(KX) pounds concentrated at panel points 
7 feet fi inches on center. Design sections of top and bottom clumls ' 
so that distance out to out of chords will be K feet, ami use a .sei-tiitn 
similar to that of Fig. 275. The top choni is to be .stiffened at the ■ 
center and the ends only. Vse actual centers of gravity an<i moments i 
of inertia in designing. 

],'>. Make a sliop detail of the truss designed in problem 13. 
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